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^jT ^/t >rH <^i jLJ?l j^? (*^j <j*$1) *kja*Ji fi^) *&* <^t# J i^flJi 
C-Pl P <dt 4JIJL1 OtiUL^I ^^ai ja h*& JT *lrtJb4 I^U* dL^ji j$i .*-r^j 

.(•***—* (»*js* ciS»>»j *i/ UL^lj i^iyj <^V ^ £}&)Mj ctiliwtj ^j*-* 

J 4 ftiiC lj}_J U J^ ^liaj f jPj ju^ j* *0 I^U U ^X» dJbjj cdiJi JS* j* ^t 

AS * - 

^yu1_^ JjbJU ^JLTj 0jJL» Sju^Lj ^^1* ftapt ^^P A-js-Lldj tUib -Ojbstil *JS*ik£ 

.4j ^ JjU 4jJJ 

dJL-i *uJjU w^j? J* < d >*J *-^=^ **** *•*** <5^ ctfj^j c^JLJl j**i\ cJUH 
4;,m » u3l 1 m 7^1 J— i* 4-4$ ^y.....ft cJ^uLs* ^3 J*JL^y li <j£j*i ij .l^» *yrj>\ 

f 0*J 'Cr*^' ^ J^ iP^J OUjinC j^U-1 4iUJ AJUil jf c^i ^>>J^ Jj^ 
• Js^ J-*^ J** 5 <j*~?3 dJbJL? Oj^j U LllP 4jUp 4L5J- ^j^ ^[j^ 4j»j1im 

u^i ^JJi fUj^j 4iUsTi £* JT col^Ji ouJL« J ijj^i jjj]\ frUUJl fr Ur*L AjJif t 



*Jjb J ^j* p*\«* U^» \Jl$\ \i\Ji^\ ttfojt* WIS jujti tiiJlill JptJULl Uf .4jj*b- 

d^j—. J c^l^Jl CJj-^ jA <ob£jt lift dfrly frUSl «Ly*AJ cJlll y-^l ft^-iJl 
L-* 4_»hS* bid ^y- J ilbj *M\j£ ±J&\ d.^4 *i clfA^ij tftlUtfTl j^tji 

Jd <uiT frUii J^ ^ aj\s ols&i ol j^ui Of <>*•£ ^yf V-U j^ j 

^_Jlj t^O^ll J U^Ti ^1 4*~Jt AjTpfj OjuU* j^jJl jA J* ^jJofih CJliUsT^I 
dl— A jt—jwM jj» \^Jp cjy U JLt j&j <*UfeW u-^J i«-iL-J-* <j* J& <j* {* 

4 Mjf c^J j 01 -J J?- U^-tSjULU Jjt <UPj t jftS^l J 4^ JUlUj 4J^ jvUca 

X~fiA-^\ AJlJiawj Ojl&f <j45b U IjJ <^ 0? 1-br jSlili jaj Ujp- ^^tJiJ! 

jt jl&f JU- o^Jjll UU^fj tjc^tJtj aTjUmOJ *^j 4^y UjJ ^j\HJ 4s*-fcrt J^ 

^Lj j — o ^Ij-Jfe (Ur>Al t^^ o^ 1 l5^ «-**^ ^ CJJU*J tjliaii tJLft ja 

fjidf y-T ouT c^f ^ J*sf of cj^jrf u^ -ujuS3i ja i±#H\ te~JS jiijl* ^i^-*^ 
cl^Jp jipf Of Cjfrjt ^i i/^^ 1 1/ 3 ^ 1 ^^ J*** ^ ^ ^ 'ja^ *JJr^ ^ .**jii 

4 sUtelt jtf— ^ 1 »jW^^ ^*^ ^j*I^ 4^j^ (J^ jl* 1 ^ ^ jjjU? ^ c?j=^ ^j^J W 

C *yf OUjkj jf 4-Jp CJ\gxik^Aa jv^j? J $^l»j Utljj j^ CJcyl ^^ jf cij-^r^l 

CJL_j^f j « ^UP JU- dAJi J CJ*U*I OS j .obua-n^lj f^ili O^df ^j& Jj 4srUi iif 

.jjjjlj iUsP^i d^jfJUj C^l JjJli AJjjsSO* *£\ja diiJS'j c ijjjj! ^-^i 

jf oL^Jl J ox^i' j\^i^l e^U* jijuJl ^jUJl ^j Uf c-J j^H\ J c jSi 
ij ft aaJj: ja JiSi dll? tji-i lJus **«Ji dO^-j uJi^Ji Ob ja Jj Jia ^Uli ^jJj 

.C-JjJlj J-Jl lift j*-^ tJ *UAiJ JJiJl fr^^Jl 
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cdLJlSla j_^> jjMad dil** *J& ^j*j J-»j* ol ^ **^ d ^ I^tisS^M 

II Sojjj» Ilj «!cu^3 !Ia cdT» _Jl 01I2J- ^5 oliLisS^h .dUaJ j* f ^j 

.«!\io^j 

frl_jp (_rt *- -^ (**J*J * ij ^J t*M^"* JL*£) u££\ APtfj OjiJ^I j^fc^Ji 

.^li JiiS ^^Li\ gWS dy&\l-\ ^bt^V» 

cdjj k c4 Si*- 4_i( JUo& *il tOjjJH lull « Ji , «-K\» ^^jljS* tM Jji U*LP 

J*W JjJ— *H\ AitfL* Up jStlP Aid <4Uft "Jboi-I (lull Olf lllkl .d^yl j( t<Uuw? 

^— *j* tfO^' Jj* ^j*> 4 *j*roj tf 1492 fip (^! ^Jjf Jj-^j JJ oy-J* 

4 bt&t dJLA £3j* ^Jbi ^jj( Jj! OlS* 0*3 .JJUJJH SjtfJl aJUfc Uip 4-*jjty OUuafcl 

.liLAaTt 4i*P j^ Jjct U tJUb .Jk^M Jp ^*-4jj dOja^t 4~*>jty 

4— 0,-jtU 5ai_Li J,t, t<s jijj ijti ^ l^i .a*3ji* oiit-i^ 0j£ *i u 5^1p 
^ Jbrlj^ *j jl (UgS^l J .JaS l£* d-^Jl J-^aiJ jSi (I j^ J ^1970 fl* 4JjS3i 

j-^>^ a^ j^Jj ^jy- T frUiP 4j jik^i j>u J*p ^Ip UL^i JlIsT^i ^J 
i) .bJ_P lfja_Jia <y*Utf oliLlsTi J ^iljlb iJU ^ t^y-t 5y> .cA^-JKJt lull 



i>L^k jf 4 -IjjJl ja iAjJer J^flA- J^Uail itfi Ji£j 5t*i OldLtjf *tft ^U U SdU- 

uiu-^Ttf -^j-J' /^(li*U ^">j bs jytf ^' *a#*j <** *uUJi j*M u M 

t>! .<u- py j a by ^- Ijj^j i jtjJ*l\ djti\ frbjJ ji- f 1905 fl* ijw^Ul jiU^T 

Sjjdu dU dULuo Ulkil jl^r oWAp j^ki IS <uj£»j pl*&\ Uj^ *->j3 oldU^h 

4j-J^I J t jl£ ^ .SJUbr y^b p-j*bL»j ij^il OtiUsf^ Jjtf U S^lP 

OliU &H\ dJL-A 0J . j&&?J dU^J tij*-* J* Je-* UP ^vilaill d\jp?J>\ o*slb- £>3r 

^lj cUi ^UM DNA -Ji J Sjjjbsli cdjAsJl 4^5 UjjkJ i^t J ^U* 4..JU11 

.(3JbJk£-l jS-*mjj 4JS* ^/j*^) 
lJpjH fj— Ip ci—Jbj^l f ji*Jl) 4~U*h iSyui) oxbM £ j^ill j* tff :( «uUII 

.^^cdtj 4-aljjJlj kJ\J>\ ja ^UaJl jP 43ydt J~£J gjjl (3U-1 f jiPj 

.4jjJ£j! OijUwJD (OjOll) J^lit ^IjUll ij^JJI j^* 

Jj— ^ 2L ^iU^I 4_jJUll oUjUlt jP tJJti3l aJ^J , jiU^U^Jl tJUb ci-^i 

^jiij 4^M J*-Jl1 gj\al» y JU^ ^j-^ill iL/ty Oli UVU 4uJUJ^ 0\iU-T^ 

-laJUSt (IIP J ^/rt»j JJa»^l» lAJb ^J» ^Ja*I* ^i«A"» J^ <^ M*J^ OliU^T^ 
p£_j jl h>£\ OldU^^i j^ dJIP f )y\j l£j&J\ jjkJt j^ oOjOP £&\j* sZtik* 



Jj L^bjijPj j_& *S ^t a-JjA\ oviUsTtfi c~*L>tj US' . j»jS\j tgijisJi i£*afci 
tis—^j^i 5jS3» 5jij^- ^Ubji ilL^i .yfjJilA J-* *j**e **j*# jf JWj ^y J-** 

Jl— ^y^li 3LJ- bjJj* 9 ^itiuS'l UjSo JLAd clJUb LtfUj J LmJj h& Sjjt JSA> i^A 

*b ^t J& UlP jij~*j 4~> ilJLwt ^ tjJ^J Jif ^ clft^-U l)j3*Aj jJLiu .^jtjw 
.aill OldU^^J ^tf j*-*> A^^f (I iJLi .^bJl (JUsf ^ lift 'JtL^ J 

A -/(alb j& -JbJbJl .oU&l IJU J ^l SilUP j* *UUJb *l2Ul iJ^aj dUj 
j( dj* SLj,,, -yj £/U** <<*i*Jl j£*&\j fej^ J 1^U» jj? OjJjJI iJUa .^-Jrl j-J 
*-Japf j_* OjJbJl vr>^ .t^J**^ *M &** 4**^ U^- la ^J ba * liLisfl IjAJL^j 
.2LJP OliU^tf* Jk*f ^ ^UaTl £# ^Ulf ^^j ifjito 

4_JLp OL^-U^ *jb^— m*I £wa> jl CAdLJ^^l ^r^sli ^ c4-JuJa3l Ujj-a 

fj— {il Ja u j>-*i^p ^bi^i ^a dUi ^ Jit« j> JjJ .ij>5 lfu«?ij Wjjjjp 

itf I dj^-X* L-jf ^j -UlP ^^^ j* jftT^I (JUsTlN 1JLA lytf j^ 0*-t ^ .BtjjJi 

j-JLT (Ju^^Tt A-j Ob jl US' t vjJ* ^^ J^ yj3 ^J' (^»^* J? oUjUil ji 
JL-jjiW (JUaTl JIp 4J13 jH\ j-ku .^^^tJl Jj^ vTlj^U ^JLU^t oljlJ-JJ 
J 4-^j/l j^lj— tf ^^J: 'il UJaP UOiJ l£&i JT j£X t lJUb ^ .OljUJl i-3»>fb yiLfl 
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.U^Bj \jj£ti Js> [a job ^fcfj L-*L-t a-Up oliui^i ^ oft . 1 

.OliUsTih dJLft jLu j^? ^^JbJl £*faa-tf I ^y- U*P jtfi .3 
i5 — Janil 3 — Jill 4-JjJI OliUsS^I aJu* C#js&\ frbJUJt c)t &^}U £a*ll ja £>] 

The 100 Greatest Science Ji^-u* J— *6 c^JLJl ^L^T Jj JhA) ^Jfcli Mil 
- ols&t lJUb J Oj?rjall frUJUJlB .(Inventions, Libraries Unlimited, 2005 

I o^*jb>d: tjj i U&$> \Af>£> clij?- j* (l^dij **wk]i ywj *j*^ d ^* c^rii 

^ g»7 of .4-J!sU 3j^L*j jrf^* X^r 4ij-^- 0j& OS frULJt fr*S^fc C>l3UsS*l JJ 
(t ft fr*ilj » .flA)|1j ^bbJl j* J^jt OU-LJ A£ I^Upj ^^UjJi pilJL* j* U cJbr 

J J Ol ijjSjJl A?r\j>j tJaA3 UlP ^julC JJ (£f*\ £>\j£ J^\y Jaii UU- jr^> 

(^ j.rtjSfo) ^^-Jijl fUaJl ^j^al Of U^ . Jatt UlP ^>-> JJ <#j>!l ^UUi^Jj 

Ji?-lj JT 0^ iJLfc JT ^a ,^lJliJt j^j^Ii fi$** y^ ^' c5 ^- J L^*^ 1 *£*b«j[ *i( ^j-*^ 
. jr^y^l a^Jt fcJL&Jl ^»U)l Adydl g5*J j4^ <u*aj ilb- Of *-ftbaii oJIa ^o 

d-j?- tS^jJUJl 4-JjJl OliU^^I <-~>SJ 5JU?Ul jjUIV jfen< ^Jbttu-V^lp OlT 
<£-Jl Aiu^_Jl jol—uli ^^ flJLA .LJy- OldU^^I J*iT ^ ^ jLs^l ^ OlT 
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fj gal C£~—£j *<& *jt ff t J* '^^r tjft&fc uiu^l IJLa Ji£ Ja .1 

aL_*fj ^^JUJl d^Jlj A^-jJl «Ju*Tjh IJLa 4J1 J£ ^JUl jj-* y> U .2 
?U^j^ JjftJiy (lUJl J! ftJUIt U jlay <^Jl AAtjkJl ja «JUsf ^1 tJLft j£ Ja ?U^JL&tJ 

L-ibjJb g2# Ja ttUW jjlaJ J* tfjdl JLjk O^b Ju^T^I tJLi Ja .4 

^Ju^Ti j— » j_j* ywi ^ cij^w ja*- i y^ Ju^ii iJla ^jju Ja .5 
$j_jjujl a*U*!i cjU?Ufl5^*i(ij hji\*A\ JjSJ-ij Jj#-i £>?j £i~^ J^? J* .6 

j— S3 j t 5Jb- J* ^^JaaJt *M iftJli ^w? tij£J Jaj* j&p Ufw bj dHj tU^Ljjl 
.^1 J^ 1/jftJb M ^Ji W j^ p^P* **ft U$Jp j^ijai ^^ U$Jtf-» 
31 .ft tfU d lJ jP C^^ .OldU^T^I «JLa 4^bPj h£s£ 31L" .jA^l dJU Aa5 

!di> I^UH cJu^T^i ^yufli jlat i3jLij i^J d^i jf tcjf dial 
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Levers and Buoyancy 

^260,JaL!^VI 






JJ j* ^ijll till Ojj l>jL~j *j* ^^ j£ U~*r *lli ^Jb) yUl (^j^ fy 

oil .jiuu ajUjjUt y^ijiaJt u^ji a~P^2 W^i ^y o* ^^ 









edes ^-^^^j^ .f.J260flP J 

^jiulj cJj r 4^UJl ju^aill cJ^Ul ^Js> +4* Ajftj Jul* .jwia)1 ti^kll ^U- 4l« JoAd 
.*ljAt J a^dl 4fliJL*L Ujlt J^^ll J^ aLa-Aj <uia*t3 j^il J^l vJ^kll J^ 

.(0L~* *?tf) jS Ojj ^ (*b*!j ^e>) jJufi Ojjl aJj£*» J& 
&\ y ,n \\ i jSji J 6ja ^ i~>- <*rJ^J ^-^< j^ \iajj& ^JJ^^ ^0>ii-»l 

h~ptt\ jp iisJi^ /ever UiT) lever 5JbjJi ^li LIT J^ OijjSh ^ Uis^ j^i^ 
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1$ — Up J ^,ft & CJlS* O^kaJl Ob ^Jj^fj tfL-Ld ^OJ^jl ^yrf <(«£*j* 0?» &* 
Jj— b 4>» J^ J^ Jaiu4j ^1 (<ijjJ') 5j*l* J^P S-£ OlT .^-M 5 ! OUb" <^b*? 
J— aJ ,\— g^Jir Ojlj_Jl &£ J> J^ ^jUl Jjb ^ ^btf Of Ji^Sl y. 4Jb*Jl 
OjUi^yl fj 4^Ufj lPj~* jifty gi^Jl fllaj cO^jbtU ^UjJl f jfiLt dilJb JLt,riTl 

. J^l ^Ip 

dLJll J_3 j_d ^JL>jf yf t.f. J 245 flP J l$I tUlP j-S^ i~*£ UbO* 

Jjji—ft dlili OlT il .*tf ft *J£ J& \mU> Of j! UJ JlXs^J King Hieron Ojjj* 
uS jjLoJi Oj£j Ol gij? dUli of *tfi tUi: j^^i ^Jdi Ojj ^ t)jj OlS* ^\Ji of 

J a Oj Ikll OlS* . J>UJl J 2-*J ^^f y-T OJjw Jj*- ^JfcJJl j* iflj*- ^*k JaJ 

.<wJa£ Oj^ <jo)liM (^jbJJl j^ r^Jl OlS* j! UJ caJ^j Of ^JL^jf 

a^cu«o ^^L^jl OlS* U^J tjb- Ajf ,*lp .IjPjJ £* 4JL«~**a 4*4* dilj OJb JLdJ 

.4_^Jfei J jj Ltf 3ja*lP 3^ OlJbj tfrlll ?tkui ^ 4Jlk oJb Ja*-*)J tflp ftt* J 

.JLU* j^o jikj dJb Cjwtj3 *Utf ^j~*\ c iJa^Jl C*£ 3JL»lS* OJLj l^m 

£--fiJjl t AJ\j ^Jbr .<j£jJ-I S^J*" J* *^ iJjs^J* j~J>\i <.Jt>j}-\ J>^ <j£* 
cL_ijj u&-\ a.«jlj yci»j ^-IpI ^js**d frill £&jl ^cr^ UJtuii.JbJl* ^* frill ^js-*«9 

*iJ i OL-T frill Of Jb *il .4J?ji ^jJ Ujj Jiil <u*jb ycitj frill ^js—° (j4i^l UiJ 

.Ai^U I jjfci aJLp j^L^f UT ^Ip^I j^ jj^All Ml 

^y?! £ .frill J l^j^Pj Uyj p*J-\ jtJi* i-Jd-\ ja Uldj \yv ^JL^jf J> 

.d^iu ^ Ji^*il j^ oJtji-b AdOj 01 *Js> OlS* j^ J cUjj ci^l I^j <UxJj ^J-l 

&.£}p frllt ^T c^U 5ja» JU^I yi ^Jrl ^Jb 0\T frill Of J* dUi Ji Jrf 

!JU frill J ^Jrl 4^ iJb ^JUl Jill Ul . (t ^JUl Ojj ^j ((t-Jt-1 {>^p-) p*Jr\ Ji 

.(4-9 a^s^- dJb-j J5* Cjjj U jlJLift) *~Jrl AflliT ^o L^iluw 0\S*j Jb 

£\ste *&* dLill Jj 4*1 jit £*y .dLHl Jlj-*. JU^ h\*r*i\j jJ^ji »Jl* ^jf 
Of <0l£»k ^^ iS^iil jP *i*b y-T U OJjw j^ iP^wa-a Msll OlT jJ .43li^Jl ijidll 
.U&£ U^v JhJb Js?t-->j 4Ab£ 4JliT dU.-.«.j.< <uSJj <Uli Ojjil Ojj 
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jg"\ 4~*f ^lall ^1 jtt cfrlll j* jS jJ& J c^aJJI ja {J&t Jjjj ^Islb ^^^P 

3j — oj J^^l j£ fl~*r^ jiOj frill t)L ^^i* l^JUIj jikJi fa^a JLiaTl 03 j*JL>)t 

.^UjT^I dJUb l$£ jj ^It frill 4-oT c£jUj 

4 Ml .. »ld flJL^ cj*~^i .«!Uo^-j» ^^r «!1^jijjj»» «Eureka!» 
^\_dl Jt_*P 1—4 ^W> ULp l&yty W>jJ^ WjJ b^A 
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The Sun is the Center of the Universe 



Nicholaus Copernicus a*jfejijf ufjfljfe ft AAfflj u*. 



S gft«tt SLjUI <>** dlL13SYf 1.1* Jbu iiU 

dlJi J **•*=** -^ -fJ^J L^lj^il AJLilyj AJULi j*£*jj^ j* <Jj* Ji) 
IJU J dji-» jjJJ! qu£U)t ja JbJLalt Otfa^^taj Olily Ajjliaj APjlkaj a^ ^l* 
J kTU <jbjSt il>f Ubby ii^i ^iJ( Uj*P 4£0i £^$3 4~*Ai Cijll J LO*ww cjlwall 
J^LJai! && lift 4L* Jifi .f j*tJlj e^Tij&^^^^ffl Hi J jjOjj Oj£jl jS^» 

.^jo^i dlA\ jJUIj Uj^ j^ 0^£lJ JUm U^il 

jkdij ^£ih ^1p *UU!\ ja ] ^ L M^^ ' ^^^^^) **d* *ijk A*^ ^UlT 

.4*0^-1 4-UaJI (i^laJl ^Uj 



^ 




?u»tsjrvi «u <_l£ 



J t— *^ ^ySjij(£ jL-* c^1499 ^ U^. W^ ^^r <y **-j£ jji 
J 4 — oiiYLi L^jJ Jo*- ^}\ i^j^jjj A^ijjui^j Bishop Waczenrode sjjijti 

.lu£lA\ 4JLalJ 4JUIy <L&: d^ <£jM Jh^ 

(j-S> ^jty J_^£ ^a! ^JUij iflp 1500 J^ J^ji U Jj Ptolemy >>U^ 



(^ J ^* J J^ J v^ b o ^Claudius Ptolemaeus ^-j*-^ ^y^p^ y> '*j*y^* * 
.^ji\ -f J168 fUh Jiy 4jjJl^-.)H J Jy j 2j> j* irfjl j^ J olj t ^JLU J^p( j> 
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3— 3,,$g]i cjUUJi jS3 .OjSlU jU-i t£jj&i ^M ^ i*i* SjuJi fj*d» cJtf' 

j~j s-^jS' JT ol j^Pb -epi-circles ^j^ £WM jf - *JU?ty otfl^t j^? 
iJiJLJ 5jw- &t 4*£iiJt UU-i ^Lp djjju jjju (t^jijJb- kill*) jtyw? Jkr dte J* 

jjj-ijJl OjtfJ dJLij UJ JT SjiUUj alfarb c-f lj£l g\y ^i\J Jl 4*3^ cjJUl ^1 

C SlT dJbJJrt AJULd 01 Ja*-^ ^**-*J .j^T i3ytw ^-S^ J* j* ^Jj jl UJ 

JL .C :d_!i y JUif ja UJ j&j Lb tcJYj&J 22,24-1 olTjJ-l jij? J 2b j£\ 

.^IjsW IJIa J jkdl 
iijiLJ .k. Jl OLJjf ^Ly j^j 4 ^^ jP iytw Ol3Uj: c^J^ J^ ^ <& 

j—£jfi J j-%<UJl bt^lj 4jL*i\J 5^1p^ djjiJ ^j^J^jT f j-5» cdJbjJrl d^&Jl dJU 

l_j>b d^it j*^ £jn* *h 3 yL\ s^S\^\ cjiT o^ J a1*\jA\ h mjU jd\ AWty 
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iJLftj . jT^l ^j?jf JjSj SJLtell 4*£Jjft&t i**«&t U?j*a^ j - £*f (lull j/f jj& 
i jp- t^c-uSCll ol&Jl j* \ij?=- AJL^- J^ 43Uc^l hj**j JaArfs j*jfef.jf J«r U 
*lyyi LJtu^i jelMJ.l uiUaT^i iJUb OlT t^J-t dlli J ^j .fl543 fl* a> ^Lii^l 

4*u*0 ^-aJ t^j^f !*-» Lfc 2 * - (^* J^J -4***^ JpLajtyj JjU&UJlj l ^/J Ol hy^tj 

f j-^> j Johannes Kepler JS ^^jt Jupf J*>U j* dllij ciUsfSi ijL» 

.Galileo Galilei ^it jJUip 

j_^» J— bj 4,5 ^tj** 4*Ja^ jj^ iJLa j^J .l^U ^j^l a^A 

.AJtf JT j£jty *-r*j-£d j^^l *•>£ 
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Human Anatomy 

.(»1543*-flLiuS^f ai 




S^^^ajJl 2£tt» C^ cALSJSVl lib* JLju litt 

Uj^j 4#JLjlJl ^jI^lJU AJLUill A-JbJl JjUjJI ^ IJUsju iA5^iljJ OiUS' ^^ 

.^^JaJl ^ J ijjb Ub«u jilij t? lP 1500 <-*jUb U JJ Galen j*SIp ^>^ 
^jJUJU v-uf aJ^ (^u^Jtj (J ^\ J* &Ua]f v*j^ *M^ cJ^ Jj^i SjJii 

SJ&LSOSVI | jut *Lx ii.i< 

♦ *♦ 

.f 1515 fL-P Ju*w-Tj^ 1jjl> J Andreas Vesalius ^r^sj^ t^j^ ^j 

* # * ^ if 

J j— ?- ^ijfrf^ *Si>43j UUsai Uj*j» c <^^ Js»tAJl J J*ju lijja^p LJ? OjLspU ojJlj 

^tjj-iJ j^j |I l^- J .^JaJl 4-tijAJ ^jU J] j^jli J?-j tSj-isP i^bJl j^aj 
jVj-i — ? J*P sJrj? jlj tuJall J 4*UJl OUjUi! j* ^jAJ^ jf ^ja^l f L**rty 
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.f . J 50 flP J! :>j*J uOIp ^JLoU ^»i <~Jah jP 

J*5— Tj (Jj.-^rTQ J S3j ^ij Jib- (^Jlb 4jL ^r^ij^ ^s-^ f ^ l* OIp^ 

^Ip 43ldj j* Uuu d*^ t)lT i) .3jjk>- djjJ ^^jld ^ ccJaJl J UU? Jljj U 

j^-Jp <L* <b ^ft tjf j .4sil Oi^l fL^-tyj flkaJl ^Ip Jj^fl^JU ^jb jAaa Jlj 

vl*£flr £*£ CJlT £-*-) ^jL* DjTUUj^ L-4i kz}\ pl\jj)j i-»j-iJl 2L»iy-l o*>ir 

L^jJ U_> £-*■ lUlla^ Ijib *c»Ur UOju Jialj f 1537 ftp trsk)^ £j* 

.AjjB^T 1j^*j vj^j M-.^" r±j~** ^W^** (J^ ^j^V &\j&\£\ j* ^o^ 4JLJ^*» 

4-jbrbLftj 4_JUll 4-J>1jL$i: ( yua w j tdiij AjIj^j^ ^Ip OJLfUtyj u/>Ua]l cilff* 

frij—jrV^ ^j Jj 4j^»jJ^ ^LpjVij o%4jJiS* *^-ip $*wijr s-s^V r j-^ J $j**-~it 

bLs$\ ,^Jp ^plLj 14 ^ 'S-^ 1 ^ uy*jUii j* dj^j .f 1540 ftp j* (j^W) 
Oi_Tj .4^1* J^ ja I4J1 J^j? ^t jil&-i j* jjsS3» c^?jIp j^Jij uOIp jl&t* 

.4J ^j^T r lpj!j «dUi# j*Ua* jlT Ub iJLft 

ob-jjJ^-J 4-a-Jj -JjVl SjUJj - *Al» fUl ^rJbj 1 * cr^' t5j-^^t oJla ^ai 

fLJajJ^j c^JliJl yrl ^j Jb*iU /^-dl (Ja*U Ij^J t)^ -l*«->j* ^»j-iJ^ J J$\* 

tr - Ip Ifi* jiff oi^dJt fU^-l s-^y (^ ci*^ ^^ ^J^J ^J^-^ 1 jtfidiJ 4.*A^ U 
Ii^jsJ) sS M^ 1 giysJ* (* J j* 200 j^ ^ OLj J ^-^ijti j^lili 1<r sJl pUas-f 

V^L_S3lj S^j—flJi ^__Lp J— kj OlT Ujjf J djP»\jirSj tLtVl aJp O^Pt U JT 

!*^fcu air jj ^ j*\ ^ ^bT jTj oJ^ ^ ^-1 u jr oLj t^ijiij 



Jljj *SI <jjJl JjU ijuUr jOl t-Jbj j t^ll fUt ^^1 0^-1 tee ^^la (^j^ ^13 t fl543 f ^ J * 
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l£*fi* f ijpf ajM j>ji ll itr 2j}\3 i£jf\ t<U$3 p*** J ^t ^i ^afei UPlk 

^U-^tyj 4_»yJl *a*J^J J^J^J ftfa*Jlj O^UuJlT AjjJtj S^V 4>* (*f«Uf 

.^UjJIj AJL^IjJi tUaP^lj 
Jpl_-tjSl dLX^-j 5Jl1 oJLa ^a ^juoj^j tf 1543 ft* ^>uilt <oUf ^^Jbjli ^t 
c$— ^ cr^lj^ f^ .UJb dlJi J^ o^Up! US' <ijJlP frljL \$£-i 4JL4A* J AJaJl 
^* j - - -; > L- JOl >J_p ^^Ip *— itj 4JUIjij <tflia*-%» Ajar *u*jL» Jj^-f ~j^" jlj* 
£— sfjil p , ,/? j jjAdl <bb£ oLi-1 c4=^ cUa*- j-*J- !dUi Jbu Jbd v^ fL«Jri 

.fl* 300 jp Jbji ll c^jAJ^ j^r^ <JW ^^LaJ* 

** iJ^SJ djJby 500 ^j£ ±*\j$ *—** *M ^jlt 100 $f ^m 
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The Law of Falling Objects 

fl598 <_i*Li£VI ajL. 




ot-jjkJJ iLfe ^Ldi i^jU Jfi tfi <?^ s JojA\ oiiUsS^ j^ dh\ jl» lid .i$tjL- 

JL-pI^aI ^jIj ^j^JUwj Aristotle *jk->j? j* JT U tbr ^Jl feodt IA»» 
t <ijJLj-1 j-^jJIj 4Ja$Jl j-^u frbjsdll jjip ji-l lia jjiJlP uiUsTli .<iddJ-t ^JjJl 

jf 3^^ 4_JL* c~*b UiT U* yiyaf iji^ Galileo Galilei <^Ui* jJJ£ 

j_a iJOsll ^jUiU tj^? C*£ LJb>- jiotJl J ibji? OlSjf ^^i OlSCd .U 41^6 
\ili APj-Jb U?b iJj«3 ^rfUali oJLft Ob ^il 4^ 1598 4u- cA--^ 

3frU?^ U\ J JJ&\ kU>- JL* ^tfll OLJJl Jb-tj jJJlP 4Us«*1 La j* .UHi APj-Jb 
OlS^ j~M^ ^li 30j0p *bl ^» ^^Ipj .SjAj bw \^>jj£j 3j[JuaJlj $j&*£!l j^jU^II 



! 

1 



tfri—jj-aJi if* — J? £* tj^fc ^i^» J vsT ^j^J tJj-ii :(f .<i 322-384) ^fc jk^jf * 
l_J0? jjau .fr^l j tj^-^l ciwLJl 4lfc4-1 cjkdl c^i^jli t^j-it tjitiJl cLijJUi* 
4„>t g-^ j-ap ^ *JL* 1 >M» j J^^ 1 ^J 1 ^^ ji^ 1 *a-*!W (**' <^* j Plato OjWi^ 
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.Uljj^ *JL& J Jb^l ThrfUall ST^p- 4Pj**» OlJb ii^pssj cJil t4JL&)t ThrfLsil 
*Ubj Uj^P |lUlt ^ Jj^ Ajijj^ 3^ JiilK <bij ^ <J-S* .j*MlP g*f V' ^ ^ 

^j kj 4— j*b (^^ *■! J Sjl^-Ij ajjIw \SL*jT tlj^ 4**l£ <u*0 J jJLJIp u&j 

.«^ ^ jla-^jt .4^-si Jj cJL^jJ JLflij cuili-lj fb»!AJ pfrfe ^j O^jJlJl 

cji Uit ^-Ul ^ ^Ik jk-.jl £diJl t^kji-y c3j*JU)l Obhf <tf ifJUa ££JlJj 

.^1 OjJ AisL^J U*tf j\Sl *Pj~^ ki-J 4JL&JI ^U^r^fl 01 0JLA tiiijaj j*& jfij 

J &1 !4Jt &JlU b .Ujki^f f jkJt ijjz~£ t J&^ £&JJ ****** J*U^ ^y^' 

4_(^ J* . JL* «^J* l^J^ 1 i^iJ 1 **jWl C*-^ JA» ,4J»i CijJb JffjH\ \sLfij 

a ,«» ^iL^f Ojjj ^j S^ll oJLa ^i\^o J <u!At> j^*J .jJLJIp ^L^ «!jjTf» 
Ub?j a*] t ^T» .bo# jJLJIp JL «?^jt ^j^l iL&Jl *jkJl c~^*i Ja» MJr 

jJL o»j( ^b^Ji dJUJLfj a&jl* ja igi .jJLJIp *aj£* <il*i^M jp (IuJi j^M 

■ ^^ ^jSf* 4^dLil ^jkJl oJU* cJL?j Ai)» : Jj4| Ostilio Ricci ^j 
JL» *i ij cUlfi Ukjtf ^ jk-jf OU jj»jl Jlji *tf jS3 .dULf Si^Adl iijkJl Jj-^j 

. « j^T j^-jij auy 

.Uplij Viki ^sTl JiLij &J. i\jry jg\ ^ jjj- Jj 4^Ui Ail jJLJIp j^ 

iJ ?-lj ^tj (Sj^i^J J^>jf SjJLP 1/lJb-J OjJ {&***** Ut^i^ ili-»b ^15 4Jt JLAJti 

Jl^'i! 0^ c^ ^f ^Ui ^0^-1 ^ .Jidi ijjj £j> ZjJ J* ja uoi 191 jIp ^ 
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(^-T 432,12 ^-J> Ufellt >*!» JW J »iy*il *i^J te^ ^1*1 *jl/ 

is jLiJl 5pj^_1\ «JLa cifc- Jij .(2pUJU J-» 268,5) apUJU 9 

tj~ij-» J Locia Bottari <£>ttjj UsjJ 5jj$slt 3J^' **.' — ^^ 

.aiilb jail) 5i>Ji (Ml ^tf 4*1— J*>U t? 2002 0«>~->) J>j 16 fji dUij 
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Planetary Motion 
p 1609 ^Li^VI aiu- 




^t^iajj* a^u* £+i« jsuisyi ci* ju4 i^u 

JUO^ OLIJ ^Ip JljsJ *tf»s-ty cife aJpj ,UUS Ajyb djlJtf cr ^iJl Jj*- jj^j 

J jjJL- j <-i"ij£l* 0? A3UsTu ellipse ^L^JLU^i pj^il jLT fii tdjjP *J^ 
JLJ cSm -ijJ» 4_*J*J» otjjkJl ^ SL* 400 >u*j *}f f/*i ^LT ^^j .^^^UJl 

fj gfl* ^Ij-J^l J) J.UJUJU 1JL?- l£ i2<&2J-1 OUL2)t £• UJb j^jUs? CJIT flkJl 
gp— A jjJ_ 5 I — <^j tc^f 1j&» Up- jjJU 5jJt^ jfljj j£i> ^ - Av^j^Ji il*A3^l 

ttUJUlf AjU5 *lk*Vt Cife j£)j .<~£f J^ 1 **M *VmJl oljloll Jj*- c^y-Sl 
.<jT^ Jj4 dU^ljJl JjjijJsJl .ihUty 4iU>U ^^ j* 1jj*a-»» jjJUI 

.lf^»jSi ^f^ hJa^i\ J j.lk^^» Oj^u-I tivjiliJl OljIOll ^Jqaa j3j aJ £ 
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28 «£t -f 1571 ft— p Ullf ^jv J Johannes Kepler JS ^Uj* aJj 

4 — q^u 4 — 3?- *J^ cij^-l Aid tL*^ 5Uj LiJj c4*jkJ ^jSCj^jT J^UpI JUu UlP 
cJLii ^kJl J U*u£ ^U-j 4L1p 4Jyt ^LT ^^Jl jiU- .4*1 l^JU U OlPj^j tJ ^Jl 
July* ^ ^JLT Of ^j t jTUL* j* Jsfi (I if/-ty tf f ^j .4«wtf J 4~Ul >^ 

,4djAW 4;Jubf 

i^-j j^jLj j^J\ yL-tih ^LUJl (luJ opL^ v .a;« f 1597 f Ip JLT ola 
(jtij—li U>j^ j) ^-f tj£)i jSi^o ^L* f j&i ig^> oiT t^iJij tTycho Brahe 

Uljy» OtiJl OApUl j&tt iJj? cf 1601 fl* 4Jlflj Jmj .cfcjjjty 4i»jH AdlT ^ &i 
£0 jiljsj QjJi jlJU ^" Jj*J c^Tlj&J ibMAsll OtjUil ^iy ^JLT ^43^ 

>a_1i frULJl ^jif Aid .^^^uuiJl kjfjB 6j&\ \J** J'ji *i OlT Ail .j&U oUU 
u^ <3y i c^JJt Friar Giordano Bruno yjyt j^jj~r jkj (M* aJ! JT t*Ui 
j*-\ *J )j£ j. cij Jj .jt^Jj*^ j&H 4iUaPi *tj* iuCJjS^li w&i JJ ^ 
jtj&j)^ ghji ^UaPl J^ ^JLS* ^t cSJ^I^Jl S^^iJl oJLa ^ JU- *ULdl j* 

. J-i fiJb L-*J£ Ofrb Aid cA^bjJt JjkJlj Ojb^Jl ja AjAaJI ^LS* Jjb- li*P 

^_Jp L-»li JUau 01 jk^ld 4<U 2ufi>y- *£& Olk^-^C AjUJ 0y Oj-^j ci*-£ Jb-j 

j^oLj OlfrlyJ A^jJl j^iaJl jA lAfc JJ !Uli 4jyb C~J A-iTj^Jl OljlAil :JUl 

£« Ja--^f J^-ij J^lku (^Jjlkw J\j*) 4^JLU] OljIA^ jipljsdl jL JS Ja^*i 

j— p oJ jJ \ Lt> jJcJ vTjT JT Oljj^ 4Pj-» Of objp 0U Ojilij 4*j r .^JLSo 

.jjTf APj-Jt cJlT UiTcOjif c-fj^' OlT UiSi <cr u»JJl 
iUoi* JjiAJh o L ^ i <>* uu> j-^ ^^ °^ tf ' 1607 f ip' 4Jiiu^Ti ^^LT ytj 
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Jjt J*^_^ *John Napier j^jU dy ^ajA^L^t i^L^fi of j~* g>Ji p*j\*j)A\ 

• S-Tij&J W^ JTpJJ A3U^Ti ^JLT cJf (s-$\£Jt 

j-sS*^ ^f) i^yb Jity j* jjjl^ jiju £)J "f 1930 ffc 4iUsf i W' 

UJ *j .Jaii- pi' 4,34 4io akfti Ojlf j*j Uij cj^-iJi jp ^ JjJb 7,4 &U* 

ja h** 20 dJd . JjsJ s-i'jS' jtJLa J>b J-*J djIJ-a 013 4 Ski O^Jf JLP jSjL 0j& 

!** + £*.Ut ^j jfislv ^Tj^i y^L atf d^l dJUfc J^ t£)ij .f 1999-1979 



Ol—ftSjjlPjiJl £^-1 c^jUb^L.1 j^iu* j ^ti j ^bjJ j ^bj :(fl617-1550) jwli Ojr * 

.(rt-jil -(^1997-1906) Clyde Tombaugh jL»j> Jjyf ^j*H\ i /ti&\ *J^\ ** 

r-sr y* h\ iLrSj&S IAU JjoJi ^^Jiii >\**i\ Ju^t ^j* dUi *v Kuiper belt 
J* 4**>UM ajJ*t 3j5 i r Jjcj ^JZS 4Jlf 5j^T iLT <dj -2 cr ^>-^Jt Jj*- jUu 4] -1 l£jU" 
jlj£-l Jj*" *^J ~3 ((Jj^ *?*>) bjtjw L5sJliu.jjJLft *ASU» Jb«j *1^1 <^y-Vl 4y«-Jrl ^^1' 

0,07 fljU* J a«5IjJ\ fi^» aiaT udbT jyj i^- t ^JuJl ir^iJb *U#1 J jJjA*'J-si JSj 
.^jall -(Oja C>jJU'l,7 — i ^^-1 IajIJ-* J A-ijdl 4JbS3l ^jVt 4Jbf Jjif Uij) Ja5d 5y 
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Jupiter Moons 
fl610uiLi^VI 




iJ^t £ -j? J (►•I— i dUJbj clAjUif tf/-ty «^f IjSClJ dl jJLJlP ci^Tl 

2^?y Uj^? u* J^ ^ . jj&i J uy LS*jf c~J <j*>ysli OU jJJIp cJf 

.fc^ * 3l/>—J» Ja& i^# ^j Ui*- ^Tuf Jj - V>^ AjjjT fi Ujrl Jj JJJl ^br 1 

.^^uUJi 5j.jTy: oljpi J j*^^ a**ifi* t£^yi\ ^^^ ***** ^ *Mj 

0j_S3t <^1— »j &\j£\j tf »-*JtJl ftiaJl oO^jJ jJLJIp jr^j tii~Jl A>j^Jb 
j& i oJjO^ l3jUj»j JliT jcyL *)Lir 4>j£~Jj Olf £~*- tUJjf Jj^» j*-£ f^diJl 

Jj^» ijjkf j£\ Uj£~JL( uL ojjiJ jifj f 1608 ^ y-»j5 JUjg-»1 Jjf a^jSLJj 

J out i. . ^ Oj£*JU Jjl iiilJb l)j£J t^r^t ffinuUj SjjfiJ li^Jp 40 t£jl— ^ ^ijr& 
L Lr *J^\ L)U l$J lPi gjjlj tf^j>£ ^j^i cS^JjJt ^Uli A^Iai kw* jJLJIp 
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.(^Ij^Jl £>\£^~ J*f CJlkk* *UsPb j^j.jfi hj*> ***** 

Oi] .jSjlJM 5jIuT h±~j> aJLjIp t-itj*- Oli 4JL«£ AJiS*^ CjUjS JUbU UT .4*k*> 
t f 1610 ft* aijjult (JUIt ^t ^J3r JSLsj J»jj ^ U^V cJtf" i)\Ul\ OLi^M 

(,*JlijT bjjf frUiP J^-j SJbbil LSLJjjI&I iL^Jl OUb cJb-j 

Ob -JOJisr j* - jJLJIp c~tf i<uj^Jlj J*^- j^dJl £uL-> 5Jl^» j* $JWj UJb 
4~Ai* AiiT Jli i)lT jk-*jf jl&S 4J Jk£ j^T i)L IJLjt jfjj <l£Jj .Uk* Jtf" jk-ajt 
Jfi—k* \i\h APj-Jb bu£- Jal«J f 1-drSl Ob dlj^d 4^^ C~j WLP dlJij ^mojOsII 

4sf f *L*\p J* J*pj t<^Ttj£ii j£"\ ^yJS\ j! tfii *ujCJj jJLJip Sy- 
oy £*f Wo*-l *Jf ^ telescope ) <uj£-Jb J^u j* .^i **** ^ Js> &jj 

jfcL* ^ otuP C^xabi C-»1j*~Jl <jP 5^X« djj^ jJLJlP -Uti t(^kJlj JbJl g^US* 

,JW*jdi <~*j£k ^ »jUif dUu c;tf 

jl <ity Jjf 0j£xJ cf b? Oj^iaP J c^jS-Sdt jUit ^ A~j? ci-^C t)I jJLJlP f \ku*t 

oVl—j^jl^Jt ^JLtf ^ ^1616 2L-* ^ JUjI aJj^-j c»j.c V 3j:>fiJi jlSj^l 

CJlS" jUi^V Obj by%** APJb^ jP 3jLp 01^ Ail ^ii c^J^^ 1 J^ J* ^Jt 

.<U%i v'j^J^^ j^ 9 AiJfAa* fL**-f ^j# 

C^J— mi 4JL*- J^ t ^5j U iLt? jJUlP cr ^i Ot*J J^-*i (I -f 1640 f\P -*Jl3j J± Ajjy» 
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t f 1992 f\P j* (jij&b Jj^ 1 jjij-W J ^1 W*J* tfliUi'lj jJJul l^bi ^>U 

.*<Jt*^-Jj ^ jp a££ \ajLu>J ja UIp 376 *bu ^( 



.p*rjA,\ - a&^Ai 4*^y fl600 (jib**) ^W-5t 17 f jt Ujj J L*- aJ^i c^JJv 
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Human Circulatory System 

fl628LJ*Li££Vi;LL. 




y-T jl^- AJbUaj 1 il c5L*JL) ^Ua31 c^tycJt JUJ^I j^JU ^IjjjJ* jl^JH JiC 
jL Ojj^I ^ j*-f .C~£* 2u*» 400 aA*J OUs&t ^ ^ tJLa £* J <^JL?-ljJ **^f J 

ii_*i *U_5j t<L^-U^ *— *5T J^^ f^^i J* J Jfr* - * 3 ^ &J>& && jJUaJI J^"^ (j^i ^ 

jL_j Jjjd-^i ^T uT .o^UwJi JJ <y dU^Jj xi3t J £~*4 {Oil <jt M£*i 

.i\ji\j iijtt cj\T ^j-iJi 

tCi — WV) £jlj>tfl j^^ iL*tL-ty j-^bJl oJii 4*M^ AAj^jIl Jj^a f tJj JLfsfifTl 

. JL^-j^ 1 (^jJ OljjOJI jl^Jr JJbj J*lT Jala* Jjf ^jj (Sijj^ljcgylj-iJl t^^Jl 

A— w frUJUJl £-£ Aj t£iJ\3 tA^jJjJl OUtljOJI J 4-JUJl J^klt J^iPl ^a Jjf OlS*j 

.ijai-l A^JLjiJl ||JUI 4jLU f 1628 *^» ojJU?( ijji\ JjU v^ U* .villi 

cO\_*jJi dili ^ lu* 1500 ^jtf* u JJ i^T ^i Galen c^ */*>?' ^M 

4J #*P ^ ote 1 ^ 1 J s£j£ 4& s ^ $ Jbjy ^^JaaJl 4JUJ1 CJlTj . (% ~J r 1 J 4$lkU 



J s — Ut ^yj tf 1578 h — » i^dfi J William Harvey Jj^a fLJj ^j 

.ijjj^l h\Jal\ 4w>tP iMJliT jssw 
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;*JiJl v -JaJl 4_u! £jjJ ^ 1602 JL-* pty 4^j Jl 4*1^1 JjIa aU- U 



jJjLSJ dLLJI t^U» L~W t Jj^l ^^jt dUUH ^ J L> j!i f ^Js*! ^UU 

-fl618fc-Jjty 

OUU*-Jt JULjfl Ji li^ j* J^jJ cbi^l d^Jrlj OUljJ-l ^1p JlkJl 4iui1j 
OL-T 4_£3j t^JbjjIl OUlwall JLk& j* Jjf 4 JU-! 4*Ja* tJjU* J>j £ .4jJbjj)t 
oL^*>|U <L_ tyrj 4*iU liaid cJiJt olfb f jjl 4jrjJ J l^aLkj u?<"^ j* Jjf JLrUU 

JLjuj Jaj^Jt hj& J^ fjjl Obji- ^*bt U ^Hk-u.J 4jj^ ^f j*j oJb- JU- U Jbjj jf 
5jji £** j^U iU>l J dijj^lj ^j-^ 1 <^ V^^ 1 d ^ ^^' -t^J^ J^ ^ 

.SilsAll jj^JUI 4*~J*tf liliAJl iljllj fr*jil 

jl$JH jP U^flJ AJUlT 5jj-^> ^.JLiJ a-axj U JjU ^Jl) yjJ tf 1625 fte J^U j 
^jLS^I j~Js mjas.^ I <uf Jjty .4*^-4* OCaii OUjI tMy>f dULA ^ j&j .^j>dt 

ik — *»jj Marcello Malpighi *^«JLui jl#iJjU ^^ ^*^» *i^ t^jJt 

f 1670 fL-P dUij cj^ljjjJl JjU J^ J dijAAll UU-I diiJb \iaii OjSwjj^il 
a.»wyJKlt J— j»3 ij j— -o 4iy- J j^Sj CJI& cUJ9- ^i^lj 4J\iJ» Ujiuli Ul 



^-Jrt J oJjOp v/*y ^^J a3 ^- jf ^ Jj f *W J^l |IU> (f 1694-1628) ^J\* j^"jt. * 
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djj— &P JL?-j)l A~Jlza &\& . tu*AJ|j jyu^Jlj r Jjli LuiCi ^r-Jj ^JUaP kiu^o i^J? 
4_Jil)Uj <U\sf jP 4*UW> 72 l£^ V j^^ r^ <^*& 5jJW? AJtif jJtJ jb ^ 

iLiT cj\Tj bjjt frbrjl Aj3r J c^«.ii Of c-sJ U jciai-l JjIa olsT 5^^-i j& 

4-^UT it **Pb J k& U lJUbj Ajjlf J iJbr &i* JjUfc JlS* 0*3 t^waJl ^J ^aj 

.f 1650 ft* dUij c^jjajl jl^i-l jP gryg 

cVijA-i f jlII ^^f OjJU 16 j* jSTL JjJoyty ^jcj x2jLy^ JiU^ (f^ 

<ii* Jtj?- Jjkj flail 8 aa^p tUai 20 ^jp £-** SU ^^ U j*j \tf 



> 
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Air Pressure 

f 1640 ^Ll^VI 




*kL — j lk*^j Ujj *tj$U Ul t&~H ik^^lo i^# Ub Jjty iU^iJ ^tjJl j* 
4_ili j-j.^! .Ul\P j* Ifrj^r £>IS* \llki -US UJe OjjJt IJLa job ^ ^ tu&j .U* 
.<jjir\ JaiUallj *ljit Ojj ^1-3 U-3r ^13 j/f J^J^l *UJUJt J^ jJuj 

^ULJ^ujjJ o^»j UT .Ajji^rJJ ^iuiji J *UUJt j-a *j£>j J>^ c-olaf ^l j*wiSt 
ij JuH\ ©bty -j^jjl Ji p^tj s>-lj vacuum £ tyiii f J^ 9 £^ ^ *■*** <Ujii 

<_!>£ jJJi_p <^rH tf 1640 ft* j* aJUJ! (jj^\) JjSl j^ls fUl Jb-f J 

jJLJl * H-^jf !u ^Jl j*j .iiliJl jJ\ dL» J JjjI? o^J? <_r*** JJ$-*^ (^ f^ 

;U*r Jj3 jb.f ii!*i ^li5ji ^ Silb *~S> i»j^ Jj*- cMJ J^St j* 
uj! :<lJjUw j* 0U51 14 *^*=i *ij*4 ^k-^9 aIau«j d*^- Ja*>*sM j£ Jjpuj 
iSJi yr\j jjij UU- t^jj «## ^*J^ j* j^WJ 1 Evangelista Torricelli ^Lz^jji 
^UjJ ^llP y-^t ^bj tGiovanni Baliani gjtJb ij\3 ^ OlT jjliJij t^^JaJt <Iul!j 

jJJl P OjJI j* jtljil J^ptft (d-^^ l***L\ $jA» rt-4» ^jLJUj ^JULiwyjjJ ^13 

gj i- £t*£ lb l^u*»lj .^jjty j*-£ ^J^ (Sf~»i tilt <Cfti cijJl J iju^-Ljj tJa^ 

O^JU UlT U jt^Aft jP jlaJt ^^6 ^£) .I^Jp cIjS a3jL» 4-ii tilTj t-JjJ^t JtLlj 
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qIa £jjj*jj tjiJb *lll ^Ja-u ijjs~»j> Jji ^ 9,7j* jS^t £fl?jjJ frill j& jl tJL^- ja 

.hjpA\ frb( jljSo 4*~Jl 

.jif I A*3j tjjjb- UiT JJ-1 dlJi J) dlj=^» ^brjj frijj 

^j-J-i ^3>-' 1 ^r^ J-^i <^ J*' J^ J*j*i **£ '^^ J^ 1 * ^ J^ -f 1643 

*ll 4— Ipj ifrUJL Ojj <J*-£ 13,5 OlT jJjJl Ojji .yat OJ- oljs^* jSa^cu JblUj 
30 UjLi U j( «.\li ^*p ^UJjl j* 13,5/1 j* J&I gSj* 01 J-^ ^j**) Jfi>j*i 

-((►--76,2) UJ| 

j — *j tJJUJi jJjJu ((i-»182) fUJf 6 Aljb </rW3 *->jjf ^? ^A^i^y fl* 

t£j-^£ J^J—^ J S^jJUit Wfd* cT^J Vj^ S^ f ■ jW ^*^ 4^-jaflll SA^Jl 

.^11,^^-ajjj £-Jj* US' Uli -uji 30 j^jJU <t <AA\ ij^*Ji ^UJji ^lb OlS* j 

^L_*f (4&J JA\yj p&j dijUl jlall Ol^LSj qJ\ CJtf* Uljj t JUl f jJl Jj 
i^*P if 4JLa*tU jjftll j$3j . jJjJl ^ji-o» Jji £lyJl i-*lja l3jj6 4ajjf JULiwyjjJ 
OjSo 0( JL^ijjs aJ jPjsi\ cij J c(^ 73,6) UJi 29 t£js-~* <Ji £*>! j^jJi 

j_JtUl IJL4 j^l J ^ULlajjJ j*5 ?fe-jUl jP f jJl cils^l ^JUl U !bU £\iSfi\ 
.te-j Oji 43yJl dJldU ij* A3bj^ J jkll j^iMil <jf- J OjOi-i 

. JLp^I ^ Up iaPUJl ^jA-l frljAt Jjj J Jj c4Lu ^JLJl ^I^Jl J *ij JJLJl Ojj 
Jpj-^i J J— JjJ* J* Ja*j? ^3 ji-i J frijil Ojj Ob t Oil t^lLJt^jjj iS^l 
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*u ^ ^^^Ub jydii . JJL5* J#\ ji yi( <^ji-A *->jj^ J j«fj!» ^Uty jA- ^fciiy 

.^jli-l frljit Ojj job oi 



Jj tf^LJ* j_4 j SUl jJtf £* UljJ (<*-* 1,27) UJJ 0,5 j* j&k ^U 

u~£ Jt^j" a* (r* 7,52) ^ 2,963 >> y*S» jfrUaWi OlTj .Jurt* 

.f2003 ii-* (jaijj) OijjJ?- J dUij ttfjTb £>jUj jLaPj j^p 



40 



Boyle's Law 
fl650 J»Li2SV» 2LU, 



' ^-'ak^u^ s^v' ji^oi'^- ^-^ juii ^i*^- v-*^ '^lit^Vl V^" w 



IjiJ (J — ijj djiti d^l c3j<w U jt) Jijj Ojjjj <uLS«ft t^-iJl f j$^' ^jf 

3_-»r 4iL_^ Jjf OL_f Oils .OijUAJ SJU»^3l 0*>U*«s)lj 4^1 OUIjOll *g3r 

AjIJj ,>«-£ ij'y^i *-***" *V»9^' *^ dL*»L«»l ^> jywj US' tOljUJl aSjJLi iLtiljjJ 

^j-^Tj* ^ M\ ia--ijll f til J Jj^> ^U cuJjlf 1J&* j ,J?U-4j}U iLlSj jiajJt 

.f . J 440 *i-*> Jjty SjJU Democritus * ir laijjs? 

^ oUll j^uJJ Ijjap OlSj iLJ iL'lP j* Robert Boyle Jj^> &jtjj j*&\ 
Is* Robert Hooke £ja o^jj %" tf 1662 fl* £*£l oU<U»rt o^t Jj .ytfajjJt 

.jJt^ a^LJI OjiJl frUlP ^ jk$* 
j— « iUP ^li *tj"s>** &-»tj* IjAj o^jJUw» 4~*>l* Ailjla-^l Uj^jilt tUJUJl ^j 

. JiUJl APliJji jU&* ^^jb ^^J J&J t*W^" J* ^.r*^ >^ .i«g"og» *b? Jby 



fr»j_?rt j* cilts5 Silll OL UiUJl Oj&lt jjk ijkj*\ <£*\+ ^j*»L* :(.f . J 370-440) ,j^JjPJ * 
.^jsli -otjJUt j( «4j^ 1 jy^ 1 oio^-jJi t^f» atoma Ulr'f c^irU ii»\5 j^j aJja j£ 
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.Afc>U-^l Alb- ^» ^ ^Jp Joi\£ *U^ t 4Jp JaiwV kl. j JLP .A^kiiali 

j^rm jj&\ hjf. <jjJ*r *Jju +&>• £~?- .Uli fA <j*\j Jjjj &j*jj OlS" j^J j 
J_ju t^L?*^ dtja-d APj^-j J-olS" Jjju \£ f^?-^j J*^aJl j* c)lf ^r^l* c)l bw?y 
Oj^xl ijai U»- JJUfcu* CJlT hypiS Ob utPjiw ^J^^ AJib^i .<UP \ikfr\\ aSj 

U*j /U^j (^ 90) f Ijtf 3 Jlj*- U*> 0\T uJ^I J> Jb4 .U ^f J^» 

J Uai^tu iPLtfJ £tf Jj <-f*j*^ £& %j &j*i\ J>b Jii-Ji jJjJi Jj^> cXi 

jutf S!l ^j— ^ J jMj 1 *J** <^J* **J** cr* J^ S-b*" J-^ -Vj*^* JJ 9 ^ 

^ 1qa.sl\\ <uk*olj> j& j\^- ^\ <oL ^p-^ll ^ jgii I3yw Jjjj uiijt Uaj . jiaj^Jl 
jeiLjJl <ub ^ iil&H ^t Jbrjj *i <uU i(J JSi^ JiUl jJjJl J«jku-»i Ail U ,*ijAi 

Ji*^ jj^il frljil iajwaJli t 4ftb»» a^Jijiall J Jail J j5Ull jJjJl >3 ^ .j>^^ 

. Jjjl 3j3j Ojj 4^-si LS^^' *U^^- ci ■/»* J* 

Jjjti diJJr\ (Jj^i\ Jl \j~*a <->jJ^ jwa^J* uijail ^ ^JUJLsr Ja> Jijj ^ 

ij_^P Cr^"^ tJJ^^ Uijj £« l^"^"J^ crf^^J J^i'* ^3J t£jL*i ^- ^J^^ 1 
j ftj t4d^Akil ^js-wa Jl tOil lj& J3 jj**£\ frljil .Ja--4Jb Jjty dlji-wa Jj jjjl» 

tjjJ— r Ujj i» ^"*i!j viJbtJalt (VrkfJ* <U^« %jcu^9 <Ujl^ ^ylp Jj£ <-Jp1j 

il ftljAi ^ j** ^t>- Js* (j&fl ^3J) kui.ll c^pUsj £)\T tl i} .^UiA^b 
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J,J cof Cj\ja &W kksi\\ AipUa^ d\ UT .JuaJl Jij d\£ ^*J-\ titi c^y j^^f 
J^S\ h f>-Ji <~*^u Sk^w 4-jpbj ibUc 4d%Jl oJLft ^p Jj^* Js> j&j .<lJLp kJLdt 

pijJt Sylvia Earle JyJ UL- ^^» &i* *^**- tSLi^ia £>U*> (O) 
fx* s~^j -(f^ 3281 ji (i 1000) ola^JJ <^b-ty ^>1) ^UJi || 
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The Existence of Cells 
^ 1665 t-ali^VI 4lu, 



M^&- ;: . ■'■-■: : ■ ' ' '■-'■ ■' ■■ >■ ■"-■' '•- ■■■-■■'■■■ - .. ■- ;' - ■■■ ■' •■' '■'.''■ 



^t^tfidtt 2£ttt &+£ JaLilSVl IJLfc d*j IM1 

^^-Jp \ £AiM 4-j\jJU A-Jr* ufljlfej i-iiji <j^*J tOUlJlj OUIjJ-i fUcrt J^Sj 

OLJ t L_jU-&1 s\jj} j*pI ^ii frUUU SjJJlj hjjir\ ciLi^fi ^ U& .alyil 
.*JM oLft&J j*Pl ^ *L*-ty frUJUJ jur 1 JJUM Ju^t 

^j-JLp lSj4$\ jlUJ* JJ^ (^U- ^-iJl Oj*p pj& <~>^L>j£~Ji £jfi> JUjtu*»l i)\ 
\ <*T .u^j^JLJU aJUju^I J^- j* ^--*ill Jj^Jl jl^U ^Ljl jJLJ^p <-ijyt» jiy- 

5 JaLiSSVl I lift *U* u-i-jS 

|1 4«>-^ J %)* ^O* ^ l -<^ .*** i*aJ Robert Hooke iJjA °^jj **jJ 
5LJ-1 iijA ^^fljl JJlP U*LPj .^jk JL*j jJ 4j1 Wgi* Ufe <uJU? *LpI fllJdlj Ji&y 
^ — - Jj . JjM* 1 (W^ J* Ua^^- Ja^» ^Ip dj>f 4*cu tOj-S^P SjaU-I j-J JttPj 
ooJU; ^Ip «ujp i5jA JLip 4 <dUp J*>U \ J Sju UUj ^-i^ OlT U-u*j JjJ^p LsisJl 

^a> .^js^l 4^ 100 jj^cy jl *A*jA iijyo aJ IfjtJ l?\m Jjji Uju dJJlj JjJ 
.iiji! U OlP^ ^j itjryUiJl Jb-I AiP ^jJl Jj-^t i--iji J ^il iJLft j!)Us-»l iJ^i 

.l*b»0 iPlJU? aJ c^^j *-^^^ A W* pbj ^* 

<ujp jUp i5bAj L-.jJd\ J jPj f/i 5JT ^ cijju Jjtj) i5jA A-*i-tl ciiUA *uU? 
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iLi^J^i 5-Jy J l^JaPj i-ijUll J AjL^jll Ad^ilJ tjJii UOju J**j Jj I^aU lijlp 

.}jjLS\ A*a\p- ja oyiJb frbyty O^JaiJ Lol^ J*ju Of tI$JU tflj-^r C~*i 

^** (J* J* &jtjj ^) ^Jji-^f u^UaJ <U*J1> jsaw Jj .UjU ^ytfl <U> US' ^JUll 
5j_jrj lyi J^ iijA jfe-j .Ij^l £0^ J *^ *5*^ *-*j^ai» j£\ J* 5Jb-ijJ 

. Jjty jl^Ul ja sjjtj OUT JlkJl Sju-Ij 5^ 

J^-**j (OjSL* SjjJbij 4-Jp iJau) ^Ui £*£i Jj £ij»> *p&\ if 1660 fip J 
j * ji— *ty Ai*iJ Jjfcill f tj^^ll j* Ujj- ,a Ojb>dl j* iJLJL*» i\j9r\ Jp «jyJ 

tSL-JJ^jsll UjJ-J J*LJ?J UUwUtfl 4*jJW?j ^^Lp^l j»*J-l J*& 100 J^-^J' J^- 

<ui*^ 300 <£jl~i Jjjft^J 5yi ^3 ^j^jj^SL* | t ,^aT J j» 1662 fl* iJjA ^aU 

ti * j o l,Uh>„„. » .4 \y q a UjlUt *L-WU jJUll S-^J^ ^i^ J *JUjc-»>1j 

JSjj w~0 '<r^dJJ ^T^lt OjjjJlT ttis£ c^^jJ J*jJ* j^ ^j* *M^ b>^ (•-"J* 
. Aj^rl OU^Jl j^ 1^JLP ^-»jj ci^Tl U^ .^^l ^tarfj tj>W^ 

cj ball ja U\*r hiiei Jj i^l dJufc d^ Adi iJjA ^J.Jj j^ tf 1664 f ^ J J 
b*^ ja OtJJb jtflJl f^iilsj .^IjJl d»UUi 5jJW> 4.LJy^^ *^j*i j^ &j£j» UJbrj3 
ol — JLJl b*>U- Of ot^" J cr jJs>jll iJiJb Ifyjj j^ i5jA jSCo U iJLftj cA?-j5A» SjuT 
iJL-Sj* Ju« »»b ia_(f \JLuu_* ij-Zs *i £~£ fu*A\ ja ifjt-ty obijJ-ij 

Jl juiwi l^/il iUT ^ j> \j** j\ cells p*\ *~>j&\ dJU J* *5^ jltf 
0^ 5 ^jVi b^l dJLA cJlT ,(^b» Oj^wJl ^>^T -Ubr &t/tU SjJt^Jl oly»J-i 

Oj— Si 01 Jj*i b^l diA Of ^jsit <bf iiji *r—^J .^t^ri ^V» ^^ J^^ **laS 
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1 — if dLJi ja p*H\j c JUjc-^I aJ SLbfc US' c-i .*3LM Sib- J JJIj-Jb aJU 
jll-jjt Of U-3r ^ ^ .JUjUUpf JUsPSl IjLa J d^L^ A^l *U1p jPUy» o-it 
*\— ^1 Ji^ JUitj .U *Lj J i^Ul jkS ^ US' 2L*1j&» b*>U j* Ia>- J&)a ^» 

ll^oUuil &U*j ^u b^U-l JiPUasd .^U^*ilj JiPL^sJl W 



j JjlJ ^jj SilPj J ^U IpjU lijU*« op j US' tj^*Ai 0I3UJ1 Ojjld J UojcJiI jejiaJ* 

5iiii ijus* iisf ja Jjf jew j t^jiiap j gijit o»jji yi^» ^ j** .^1666 fip j^Ji jiy-t 

iLJ3 J \ c <J £S1\ gj*\ 4-»Uj 4JjJ <^uJ il^A hyb cr *i> JU*J t^iJl ^jJ jy j aij 
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Universal Gravitation 
f 1665 «_ali£¥l 




uij-^cJl r J 5 (/j 3t* j* 5JUJLP fljSt CJlT cj-^P *^LJl OyiJt *Akp Jj^ 

1 j3tJ3r — j^j^t J j— *■ j*fl5' jj*4 tlijljf ^UJ cA^-la? Jain J .^j^ l?*^ ^^ J 



^ J*Jt J-oJ-1 J *i?jlJL» jiT^I ^Ull <y ^ji^r* J AJ^iUdj jjjJ f j$i» juju 

jij^j WW j^*J* j* gJUi Isaac Newton j?j-j j^wl OlT t^l666 f^ J 

ya £>ty Oj* i»j tUa—Jl ^Jj-^-j .^ij^lT hu>\£ ^ij M^ ^^ %^J J-**i ^^ 

<u~« ^ J£*a ilisp*il iJLa j~-j Uj .jjsS^ «j*p j* Jif 4jf OjjeS&i ui*-t tJjjiaJl 

I, ,,.,> cJl>i ioiUJi 4^>-j 4nhaTj liiiJi 4jljlaj ui .SjjijJ* iljs^-t AJiij^ajj Jljl^Ji 

.^ ^ jai S3i 3L*- *ua^j OlSLJi (w^-jli JaJ J ^j&Ji OjpikJi *bj ^Sjfc 

£>f jjjJ j*wj Jliol ^^ OjdyjJl OjJ^lTty ^k^lj cOIjuUHj pJW» jji c*iU& 
jjv*1]I frbjJl IjLa klLL 01 <x^aii* ikSi\ L*J\ jkUll J om^I p4&j ja j&\ \jicAi 
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frL-Jj j— jo ^S*t Uj A^W&a C*JaS U 4^JflAj t-ijj^a JijJ frr?\ tdlij <ttl jP J 
^j^l JU^ — j c5*il* U Jt 'c^J^ 1 <Jj^ ^bj" 5 J J^ 1 JU -*^ <#^* U :4 ~* J * i OjPlkJl 
iai-Jf jf ijfrjty J* j*&\ ^I~j 'JI lili ? tr MuiJt Jj^ Uljji frlit iO* jlJU j*^ 

J U-Jbr 0\T Uui :4Jls)l 5^a5Jl ^jJb- Ui£ jjjj ^f 4**-*>Ul ol^uJl J 

U AM ikSL* If 4j-ULJ1 CJ^d ciiLJl AriSCU J*- jP d^u oUUt lull OlS* Uuj 

2L-9-UsIl o^ Wl <3yBl U . j**Jt ^-^i *il U~i (jiPjSl ^ fe-lis)! Jai^J » :aJ tJbJbr 

j o ^1j jp frJa*> o^&l yjji ^J f^ii -M^ Jt*-^ viL**U .Jfl-£ O^jJUtoa OjSC 

. Ja,^*AJ ^iJLwt ^^aSf *-• UJfany* t£j=-~* Sj^Jl <Ld OJbM jj- ^jJUlU l^sPj-*» 

:5jS3l J Ottjd cjJ\ Aid .Uli ^*ai <u$J ijfll 01 jjjJ d)jf t^f tyM J 
Oj-JCJl dL~_^ JU- J**J) JaJ-l e^w» 5j5j (brjb^ 5^1 <Jii J^ J^ lf£*j^ 

5 jLj t - r c^f ^ya^ J» cIao^-j 4ijU-Ji ^yr^ ^ ^j***- c J ^jili-1 SjS Of 

Xu^_?j tJai-^f jLJw^i J*f c^j^* j^ C^Jl Sp^fc-J ^1 ^ 4jiUr» 01 .JlsS* 

i3lJL-3T 5ojL*wJi OjS^aU i<w?li h tJ & a^Ux ^U31 ujJLi-i fxl jjjj <Ju=Tt OlT 

B . JpjV» j*££ ^1 siUL» ^ frUJl p£J. £\ 4*JaJl Ory 1 ^ ^*^4 CwasSt ^Jlj 
.I^uj^jT J Ak^.-i ,Jb 5*JaJlj Oj^Jl *^ ^1 A-^Jl^-ll oti jjjJ C^y 
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.4*»^J ^/*^ J*^ J tf^A* (►*' J* \Jv\j *J^SPU 

£j* c^ 5 J^ ^ The Flower of Kent c~f S^aj tSLlj^ JpUL* (f ~^ 1 
■*! ^J c^' *MisJl CJlT iJudilt <-***- j .r IaJI j* j-ia^t j^l*- JP 



.p*->i -du* *wijA <^oJ v$j j>i* ^Ji Aiyji c^ dUi j t^jv*iT 
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Fossils 

fl669ciiLi^VI 






g^t^ti 2£Ut <^» JaLSJSV* »^la Jbu »iU 

Sj_^«ll btfJl iyU* ^ft J-*~Jl <^lit *3yw <y ^£ <^ dJL^-jJl Uijai\ d\ 
S^J_dl 3L_J-I dUbr cU> S^VpI J 4Jjl£l JUbj ttfl l*yHl oUIjJMj otfUU 
UjUJI jIj^»^ UU? IjwjL? Ijkiw it ttujJi (Jut \jafe 01 *UUU j& .^Ull l$k>*j 

.A£Ai)l hyn^aiS Olikll j*-£ dy^^dl 

4__j1ju j~£~* J**p Jic .or^cdi ajuJpj susJ jv^w *-$ Jjfj «fossil J&w» 
.ija£-l i^jJj-M (^J *jjk dliJlTj oi^t?cdi i^ij^j 4io^i ^jJi o^* ^L** 5 

J**-^j .^U ^j^I j* ^ U JT JU jlfej OlT ct-. 2000 y J* 
JpjH\ j* 45rytu*di 4j>^-^ < r *£\jA\ ,Js> jf*A\ uj Oj-^l lJo**^ jj-**ll 

oi A Of I4 u>- Ojjfc$_£jl JL-SaPl .J_ju Jb- J) 4J-1 CAS^^ti! 4jL2J CJlS* gjjlj 

Ojy-T Jfij&S U~> c4J-t OLj'I&J <ul>- J fa J*P ja ^y Ji£ CJl? Ol^^cnii 
UjI* CJlT lib itfsP^I Jl ^j^T S-^J i& J ^ OlkJiJt j* 4JUI* 0"iljl* lit 
Ol^-J^^ll oiA Of Jl jt-j^ Jb-f <L*J (I j£) .rji Olijb OU cijP ^t oUljjsUJ 

Niels Stinsen j- — u^ j — Lj tfii ^a Nicholas Steno >~-» j**ijfe && 
f 1660 fl* 3s5-3^J» **~* <Jl **"! j** ^J 4^5jlfitJJb ^yrlfujf J ^1638 fl* ijijlt 
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£_-*£ J *u * £JJ6 , l ^Jeui\ J^ts^ \&j£j-&'&&A\ j^A* *JL>^ OLJ 3-iJLAIj 

.dUjf M-fejllj *-*r^ A?L-»ji *1yr Litis*) frbrjl 

dL_C» oL-j^f U ObL^.Mk^i tfl666 f\* tf 0*jaTl) Jj^M JO*^ A* 4 

j*»fj— Ji tljj ■ t, ft f*uj <3jjdi uJUal j~?js ^-iti .Arfij-icj ^jiJ ji^ Jj 4-*ij Jl^jJ 

IjsALi ^ITm. ffpf tOj£_*tjj£ll C*£ ^/^ «^L^f jA^l J^ && W~J 

jj^» <«OLJUt jbv-f» t$f «iSjh*j^j^» jf glossopetrae ^*tf ^« cjiy^^d 

J^L-^- j_^j .j>/i\ ij-J* >B» ^ Ojta ^f Pliny the Elder *ju£)i ^ 
<UJiJ "Si ^jS^j^i^l^Jl 01 >~*> gJj? tc^j^j^j^' £• cT^J*^ t^y^ OLu*>S AsijUu 

jj! T j_^» Ifrj^ 0j& Of J-j^U*il J* 4*1Pj ^Jl ^Ui j* jLaf JUj JlP O^j^j* 

J k-jjk* 3dJ Jt^ili i3U"f 0j£ Of J* *i Ail j^jsi^ >-=-* Uf .j^^l dU^iT ^yi 

Oj— T aJU&uU Jjttll Jj (l g./nn t^Jii Jj C 4^jbu JJp j5>t>i*SM 1*Xa <J-£j (I j&j 
.yy- jj» Z*y*aA c ^ > J jiyJ^ OL-if Of lllfc ^y 0L*»f iSjLjj^ji^S\ 

Ubn, hj a1 IsaIU 4^ r Ul Otj^t^tdl Ju>-^j AJUitj^ j^ j~-> ^j <M^r J* J 

C~* Jj I flUaP CJlT c^y-^* t& udl a-ijsL*j£A\ C^ IfjlP U*LP .4-ft^jJl 



apj — *y JLJLji ^^45— A* t yUjj ^^ jaiS j ^^Jp .J^JLa j ujiT :(. ? .J 79-23) ju&i ^ * 
j^x-j u jJ^ ^ ^iii-i ojfcl *JJW» :^y *^ ^'i j t«i/sJaJ' £o^'» Naturalis Historic 
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^\ .oi<Jl J^-pUsJIj cijJl at \js*a (kjJi\ Aj^kdJ SUfJLt) 5^U-U l «yJ H ^i^J* 

-^f 9 ** *r*^y j! f^^J OL-»ty Vs*V J&9*^ ^^M$* 
J i£ olyn^ll OU 45UJ J J 4dU?J .f 1669 fl* 4JL5J JJ^j aSLS^I ^u* ytj 

J S^-l ^j-^J t*XJjjl$3l i^&J Ub\T ji^ cJUJ t4?liaPj 4Jjwy» Sjji J 

5_L fc U tftfUsS'l C~* ^ Lr-^ • V~^ fJ^ ^ faJjJt lj>au cJb^l Jj ^JUJl 

,4&»Jb*-j JUJt AJb^y AdJkil 



jL^r* J (lull J Sy^ai UtfJl jjTf CjL^S"i j£ .aS^UJi olj^Utfl X W 



L-ijj j_L Ad t^jijdJi j* <MjJ- ^jrf i-^ ^2003 ft* irf>Jr» ^^ 

.Ji- OjJU 8 jaU4 U^p ul t (^ 700) ^kj 1500 
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Distance to Sun 
f 1672 cJsL^V! 2LL* 







< «ft«t< ^U( <>«** U»L^£VI CL* JUlj 1iU 

ft* j?-*i\ j*£ j&j .?j*JA ^V^J' VsO^ 1 a* 1 ** J^ b-joij <5JLiJt fj*Ji jp 

Ol iUil {# j* ^ 3lp aikU a .».UJl ^ *M ^LJ Uf .Jljall £»js*l* f 1859 

.jUJall iJLa J jJb ul^ Jjf 2b\tf (£**>& f 1672 fl* ^li OlTj .4/^1 

! Ju^l OUjJy 

J Ji ft' j Giovanni Cassini ^^s— -»lT ^i — ij-* £j*j? <f 1625 fl* bj)^* 
in „tlj 5j^i u,, M^fli cdLUJl ^pJj c^^rud^ ^ Jj <oL£ *ldf aJj^ C^rjJ .^^1 
£)>-. db a%-Jl iL-*j\ 43\T ^ ^MilT ^ ^Ul j^ old! cJlil .Jbfcl to* J 

j>j— * cUlkji J 14 oJ&dl As&Lill oUiyJl ^ io*j <u\i o*jj C f 1668 f\e J 
<wm jJpj u~jy ukiy 2t^ ^ -^ **^^ crO^ *u^j^» jiXs c-«^u <6~*^ ^ 

Jean Dominique Cassini i $~>*^' £W»j^ <^ <i! 

j_^» 4,,» !>■ 4j J& OijJt-l JlP Ijjkw Uj^JU i^*-**^ Ju»JCU-l cUJji J iJUb 
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J 5j&-— &i oi*~*ih dSJ&j J^-jJtj £jj*A) kjj^ ajdi oiiUsT^i oJLa c*u*# 

tlJL- ft £*j a oL&» jbPj ^jolT Oj& Of <--£ ^iUJbj 4)1 jji j4« j* frj-^Jl Ou L*J*j 

.y-T c-f jf ^fj jejty jy SJL-di ^L* diJij Lr *Jd\ Jj ^j^It 

<bj£~ b OUs^ld tj^j^l jP U>ji OlT US' ^^-iT ^J£ ^jlP ij J ju^lt OlT 

Jl Jean Richer *<A— ij OW ^>Ii ^^^J* J^jti .a30j a^^Lwj Sj^ gu-^j^It 
•trO^ J J* ^ ^*^ t*a*>£-l ^i^ ^U-iJl Jp-LJi ^ V*jyll UbjP J ^iT 
^LJ 4 Ja--4JU Ala^JJl (.r^J 'fl672 fU- (j^k^pf) oT ^A ^ 5XJJ1 OlJb 

jfi\ JLiS .(^ OjJU 149,6) ^ OjJLa 87 ^ ^r^-iJl Jl 43tJ,i Of ci^J jLT 
.(J** OjJU 93) Ja2i %7 jioitf i^^ 1 L r' l ^ , ^^ ^^ u^ ^ ^jjJ-i .,JUIi 
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js_f( Oj^Ji Of ^-.IT otfLisri cup jtf !J^ (0>M,6) 1,600,000,000 jlJLifi 

Wf c?i .(J** 875000) jf OjJU 1,4 u ^^\ >l £L .21^^ <£L2^ /0\ 

.L/J Jl^bf 109 jtJiic j»/i\ {f Jpjri 



diJi j c^ijsLt 4* j^& j*^t Ljy Of 4JLSI CJlT l^P tlla^ ^lT ^i^T ^1 t£j^ ***#-! * 

* * * 

til Hi J_ Ip .JtAJl *j**- jiJJti J (ULb Uli l^lS ja Jjl j<au £--*■) JjkJl J?jJo>- JUjc-jL 
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Bacteria 
f 1680 djLi*VI li 



^ — .-, — , 







$4^*1^1 2Z\X\ o*+* JaLSOSV* 1:1* jl»j Call 

054 i^S\ j^ij pj^Ji frUai ^ JUJ^l jit ^saJ ^jjSLJU jJLJIp i j**~*\ US' 

0L_9 JiA— TJTl .Oij— Jrji Jj*- jjb- U3 0^1 jSu jl cjJJlj Sjj-iJl 4jj^1 Jlki ^jbJ- 
C -jtj iJ—iyJJl OljyuiJlj cikJlj JjyjJl U^Mj kjcSJtj OUilaJl i5j^iJ 

.^jj-Ul jl^JJ ^yUl ^1 cJLf tj ur^^i 
o — old J .f 1632 ft— e- Anton van Leeuwenhoek £jfr& Old Ojsjf Jj 

4 if J_tePlj 4,» **H\ 6j\£ ^j^J Old ^jjU t^Xib» ^j*U *Jbd 1.UiaU .UJj4 

.frljJtJlj AjJl J 4JL*- J*X~»» 

.5^jjiJi j! 4j^r>Ul} Uj3r jJLJ cJlT 

Christian j^>* OU-^jS' JiTj .f 1620 ^Ip ulJja objSLtj^Lil cJ*s 
U\i US* . JajUj ^Ijs^i ijia j* lJp oUjL,,.i ^Ip Jj[ ,i5^ft o^jj j Huygens 

.(4iL«£ AJJbto Ojj^U J>^ Jlu^l^-j 0b**»JLP) OU»JbJl aJUj Obj£«*»jj£** ,»-i^-wVJ 
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c$fj 1_« 4-Jiy if 1657 fl* 3^ Jj*Sl oj^jj^ll J jkJl iSj^iJ Old Jjx*»» 
j^lj cou>Jult ^u \j^L*j£j> £j#*J oii *Sf: .Uj*j aSijuJi g^tStj cu*»ij 

Jjf -*■* ; ft Od .A—tj£jA\ 4-JfjJU Ji*-£j <b ibjjJl OjJtf Ja*-*}| U*lp <lU ol*- 

*1 P J j.ju^Jl J dibjjl 4Ju *L£*}|I OOjJLS* dOHj S^JlP !&»*s~*« 4J OjSwj^yft 

AiiUi t^L*ty (>**JJ U*-*> 270 j& 5j* \j^L*>j£*fi i5^4J £>li £W? c^1673 

c4 Up tiix> \J&r lkto*» iSjfiAJ OlT .jail ^ OjJll ja J&»\j Jjk *L£! Ljj ja 

.SJboA-1 tfUj^j^SL* JUbUS^ U*-t ^JU jlj 

frij^L-T -j-»jj^ j*\j J& ^SJ. $ )<*h ***& hj%£\ Ajuiji i5j$4J Oli Lb 

4 aUiAi jbti -js^oo j*w> ij* j*>j^ a* *^*i ^ *■>£*<* j£** jjk tf 1674 ^Ip 

,jM..fjdi u^ cfrili oi>*r Ji'>Ji *-»»j* J! 

Uulk cAtsS*! ij .^JaJl AiL^fi frljj f 1674 fUJ Sjo^l oUljJJl oJLa CJlf 
5L-J-1 dUJ_> LLJic£* 4 4jUj> Olf l£^ fr^ O^ki jji 5^k5 JT J (kj&) kj& 
OLJlfll oJUfc jP 4i£ Jlhi j* «i5j$4J dlft jLj f .5^1 ^U ^y ^ ^Jl 4j^fcl 
tr JLPj 4 jUJ» J ii-tijJl J^- 4j-iJl a^ <>j*j ^ :0l£* JT J Uj^ji UJjJt 
1 »U( -^jfl ^J OLJ cil^f CJlf a^j J^UJ* ojUT ^^ l#U*jj l$«V cJlUrl 

J*>L_> dUi ^ oU3 ci-JJl AJUjLw j* jl^s jf <l1p OlS* tbjUfc OjLsPU j 
4Jljl^ 4 13 ja *1*± j^Jj . Jj^l ^L-AJl OlPU Jj tj-^P JuuJt jP 4Plj3 O^sd 

J j— ?- o*i!i h> i—i}i Oj-iJ Oji *ill^ (4jJlJ jil aaJLIi J ^) ILjl^\ as£?Aj hj*U\ 

Jj 4JUj^jj aUUj JUj] ^jjl*: iSjf^J Old £s5l c^ 1676 ^Ip Jiijf J ij>f j 
JJ1 — *Jl jLjll ^Jri IJLa JiCi .ijJbi^l Jj \f*jJ Jj3 tjti\ cO^L ^ill ^jfcl 
4_k^^ U3 .^j4*» (lUJ* Jj ilajj^ J-fcJfj Jj? (^j5p ^J^» ^ C-*^j C-sT ^J») 
-Ujji j^o (I Oi-bjflP <uiij i3tJLj>- a_*LJi oioamIi j* OjO«Ji ji>ji ii^fiJ OVA 
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^Ubj UjcSUl JJ Ji-l jjJLi: of ^jf*J Oli Ja*^ uT .(f 1856 fl* dUJU jcu-b 
013 ik^^ jr^ *"* u i* 1 c^ &J* (^ ^ , cb^j .£jj^ (nr&tf ^ ^^j iPi 

iLjJi LiLi^Tl uij-i ^j^i-J 013 oj£m>jj£JL <Jb J&J .^jfr^J 013 uJj^jj^a 

(i5 -Jp \—>jr& j-S\ frULJl JL&sfl cfl999 fl* J i^Llj^la £»Ui>, <f~^) 

4_A4 &&)1 ^ t^J** cS ! ~ {b 0,75 AiUJ j*Jl Ul&b i] . JWfc}* * 

OjSc_^ 4_pUJt bjc^ll Olj cJjjSt OjJ-l p*4 *Jl>jJt\ \ij£j\ CJlT j) iiij\H\ 



L-£UU h h*ll ho; » j ? 1677 fl* L^kdU 4dU*Tl d^aLl DUJ 2U4L1 ^ y-ty oUtfi^l #> * 

.^jsH - fl682 fip USuli 4*U*Ji 
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Laws of Motion 
f 1687 tiLSj^l 






OL_j^kJl ^ .4-*>JliAlj l\ijJ&\ JLp *-W> STj^-l J 4j*teJt jjjJ (jryljS J^J 
^ &jJ-\ iLuJLil U^Jfelia cJ US* Utf tJJlijJll Lu^ t^A* C-J <^Jl 5L-»U*il 

2L-ft Ajc /?j A^ibttU AdUsTtj cry*J^* *^ #\J*i IjiJ&J .iLuUty ^XJUl Ob^iaJ 

,h> T Aj±\ UJty J £jSi j^JWl *lTJLJ» jjjJ j*p1 ci-»y-* 

4j?JLJLaI otjt*u J jjjj i r S\£}\ dl f 1609 fl* jLT ^tAji ^U^» aiT 
js-*i? ^bs) J Ijjb jjf 40Oju j* frUJUJl A^y SjtfU *)LiT j^^Jl Jj>- (iijjT ,C*J) 
J*^J L-^T %si Uj^J John Halley <^U £j*-j *)ja ^jj J J 1 ** -^ ^°o 

60 J^ JLp jjUJj^J J f 1642 ft* ^jJjl* Issac Newton ^"jJ j*l-»i £>lf 
V -Jb-t olf iflfclP j?jJ JU (1 j&.ajj^j d^ £• J^ii J^jti l3*Atj aj>( £jj ^ 
.Ipjatfj IfUiljflJ 4ij£ 4i*>jJb J^ illp cJlTj 4*^ip Jjfdl J^»-j 

oijOij ^jj J] 4 William Ayscough j*£~ii f \Jj ja tiaii o^ij J^-j jki 

£— ^ (J^ ^ J^J *>** ^J^ '£?J^ ^^ t^J* **^ *3 4-nljJliI a] ^03 . j5jJ 
tdJL_?-jJl ^Jb ^JjJ i)tf . Jij^^l* O^kU U^bS- ^jJ JaP cAL'lUi Ai^lj^ ^JjjUaa 

. J^^r*J jH^^ ^jy*T Ai-^j UiJ 4*s^ilt jJb 
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tJLa ibjP J Uj»x» l*-ui ^JjJ t^Jbfj .4.U-.< «.lk^-{j A^jJij> j}\i?- j* ls?-U l^-Jjj 

j\j P <^-^ *~*i ^J^ ^J^Jj JftWsJ* J& -UiPl ij tl=^ L*J^ JijJ J>J ji 

jwiU r j«W (J* - jl^ij l*J$ ^s^ <-—ai £«J»jll fcjaj OlT» 4it> AiUJ ^^ «.b» Oi3 

fjjl 4i5 <tUjf U Sj&j .^J^ 1 ^ J jLf uy'jSj 3Ul-J» fL^r^l J j-Ul* 
J S- -L-ty M' CJI& .^1666 fU JJijt aT>i J Will 4iJ»y jjjj yjs 

.Up ji^i^ *u* <<^Ull-U-o^>> Principa jtf-^ ^^ 
<L ^j^i AJbTj ^J- jii ^Li Jjf f 1684 fU- Jean Picard *^ 01^- ^a5 
J tijjtij aTji-l J 4uily ujIj-^ olJ^ l^rb^l ^1 ^\5j^1 JLp jJjJ J-tf^ Ijc^fj 
OUjJl JLp *Ij-tf^ t^jj jp- j^J .^Ij&J U^t oijtJdl ^jsi ji«i \£ 4^iUrt 
c^jPjjj Jfiif^i dilij ^1687 fU) Lj-o^j cJ^ j-^J J 5 ^ j^f ccJjilall ^u^t 



^LJ j 55^ JjkJi i>^ obry ^15 ^ Jjf dtf ^y ^ (fl642-1620) ^ d\* * 
J L-^itJr 01 Jl t4J\^%» jJLj j5jJ J^ «Jb JU JJai .OjsJ LgJU- J3 j^Vl 0! JU»J ^iUrU 

.^jslt — 4*0UM ^U AAfli ^yU £i> ^ilt L--UijJl AjIsT 
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j_« LijjiJ^ itf j« it-Jj^ </> Gary Hardwick ibjjjU 

cL_ijjiji ICii 4 a&f J*** (l-/Js» 62,55) W^ 100,66 

1998 flp (jy»~->) JjM 26 jijta diJij 
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Order in Nature 






^4^1^*11 1MJ* t>4^ <J»l^£Vt t:i* juu 1M1 

.5L-J-1 JtfL-Af j— » jejP ^fcJ lit* 4*Ja3t Jl jka JlT tJ JLP j*bl! <^2l oJ- 
jPli-l <utia* ^JUl Ji3 .SyfcUaJl AJIjJtjJl dJLft *-Jitfj Vs 5 ,/ **# c^JrJ Jj^ £lk*£l 
*L*-tyj OLJl JW 3JLJbr oUJb^ OUIjJ-lj OULdJ ^JLAsIl S-^j^J £*^J W >- J l; 
.iu*> 300 <*&* *^ aJp <Jj*Uau *Ui*ll Jlje •jj c^vrjJjJl c-^jJlj iuJi JaJij 

<j-J^ JJoJi ^^Jj j& ..(«v rr J J Ju 2U~Ji» ^o: l&jfiy ja UaJL* taxonomy) 

,^-Jp J tan? Uu3r f jl*)l Jlj? *tf t Jjty :l#*0^ *1 ^'j i*^ 1 (J^ 1 ^ «js& 

y-L-T -4_J*1 ob'l&t j* JL&s&lj isyr^ {JjfiM ^J*>Ul Aa^^J iijbj «utfai 
jIl_P l5? j* (1 lUtt) .UlP ij-Jp J*) U Uji CJlT ^1 ttUl oiA J* 11*11* JAiyJt 
^lj_JI j* ^ji U ^Jfr ULSjj Jbjrij p&J | i ^nl ^/JtfJ f^ J***^ilj •jfl *L*-f 

JUJ5I1 Lr #r» jf «jwjUjpjii» homo sapiens f j^il fli j* Jjf ^j-^ atS" 
{ jf& 31 j5 J^wkII 4*\lai OiS* US' tprimates oL~J^)i ajj J olj^i U-^ij «JiuIi 
Ij^-lj 5**Jii AJji ciwai UUU4 ^^td £ ji Jj ^v- jjIS" JT <-•» <i**- t«3\J-t 3j^» 
.Sj^iJl/^Jbrj £ jjij OUflPb <u-£ ftia* jAj -OljJ-1 jf cAJl JL\p J*-\ Jj 
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djjt # 4 fijJb- J aJj ^ad *uS3j c ^1727 flP JU*^ 4*»t£ t*JaJl 4-jjJU J>i 

4 *t»br Jt ^/j— ~J Ji=il f 1728 fte J j .0jUt»( X»yy JLo ^j^J ^UsaI jjaj^j 

<J>±—1 ^} ^U jIUJ oyj \J i5Uj cj^Vi ^?xJl IjtflJb* 4*0*- Ifj -•tfUjjf 
fr\_jr ccijit dUi J 4*^r ajjjS j** cJ\f Sebastian Vaillant OUid ou^u- 

.OUIjJM jIjP JLp 4j jijtyj AjjTJUl UiiUapf U> jfj L^r J\&2 OUUl jf l$J 

jf 5^ j^ jLrM U IjjiT tt*»jj$* U-j^ii djU^Uj .S^^ill 4s5lj JLod t^j-J Uf 

Ju # j-^aj UtJb 4l&u„.» 4-i*Jl i*jJ-t J UJUbU. ^1 CjUU! tJ^T ^ 4sJ JS* 

^j-Jp liUrf-t OtiLdt ^ JAAI a*uJl aJLfc i~~?jj u^m/it! *$i^k> t/J*^ J** -J^* 9 

iSjij t-kj^ if V^^J ^J^ 1 ij* kjz^^ ^Li^j ArfUj <0UJ iji*- J-msa 

1 4 fLJ 4JU^-i^^l C^b-^Jl j* 4*j*£ JU ^^ *Uo*- j* t/J?^ J& tOLiJl 

Jtj— k tjjg ,fr ^jbti .4JWJ* £ tj^ u*-^a*j 4-^ji <j£j*i ^*sM* 4>» 43yfcw fr^^I 

4— Tib- j CU— itf .4 ,Ip jiw CU JS* uiuajj UUfljj ^/j^ jAj <-^j^ J U^cw 

qSj jlj ib-L^ 4juLJ! jil£ <ubf Jf Ui .v-^^j V^J ^3 l^-iy 4JLii^^l 

.i^flP 4jut^Ji fUs* 4ja— Jrl 4^-ljU 5^»j j^tJl Jjo tf LiliJl J J^^ 5^» ^J ^ij=-*i 

4J^— ^-*^» 4ft^j ^ ^ j^i ^^ J^J aijtl&Ji *.»jsrV» JIp ^jfJ jTj 

J a ,l_».Un 4— Jjii^tj 4^1)1 frlj^-^1 J STji^a ^SLfi* Jw-^ U OlPj^j tdULt 

J £?*L_£l dJL-A uiju^j J j^i^l £ .50^-lj apj^# J Uw l^il^ t4-?WJ* ^U<?^t 

.4*JaJl jllP J UUd Ljy i5U JUj 

j-iJj o\Jl ^ Ipj* 4000 j^ j^f U^j 03 ^j^J 0\T t f 1735 f\p JjU j 
4 — oiki ovTj .«4jtJaJi ^lk» jf Systema Naturae *U*f u^i=T J ,^waJi *uik 

t4-_ijiliJl OtJjl (c iL^]» c iJ^Jl ciUbJt tcr Jrt t^>J* :^* cOUji-ya lj\£ jfi UJj^» 

frlj— ?rSl ^j—1* * — ^Uil ^il ijtj~l ul*»a5 dy ^UJi ^f^J» u&*-\ .3i^Ullj S^ill 
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UIJLjt Ullai iLsj* OlJl frUip 4PL-a-)l jxJj .(CMjJ-1 ^ j*j) OlAJJ 4JL»LsJt 

^ — Lp dJi — >Jb»- OUU ULja*j bjj? fr^rjf J ^yv* <£j^ <k~* 30 ^/j-J ^^aS 
^^j o\r ^1758 f\p Jji*j .Uii AJijJ-i £ijM cJui if 1740 ffc Jj .**a-4J 
.^y ^ 7700^ jSffj y^ Uji 4400 cAwj O^j ui 

ij^-j u?."-^ Aii .<uurj 4Pjj ^TJu &jfj ^*y J^ *s*~** i^aA* c^JU^ tf 1758 
lAjU_5 rjij UL*- JljA* J Jljj ^ 4*^i? -flkJl IJLA (J-^jJ A^Jpj ^JuJaJVl f^i 

Seqiuoiadendron £bU*Jt ^wdi Syrt-i cGeneral Sherman 
1 — Ajt £b .yjjiJ\^ t^kjJ* jJj^ 1 J^" J ^j^* giganteum 
Ij*jA\ dJi* ^js^ .(OUJJ 5 /a**! 36) f 11,1 >*j 4 (Uoi 274,9) f 83,82 
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Galaxies 

fl750<JsLi*VI 




s<^Ua**i ajU* <><*0 j»uasvt to* juu «iu 

Jjf L-jltf Olj£l J CUjIj i^fe* CJlT j .4J f j*Jl jUoilj Oj&J (/a&M J^J* 

Jj&t bl> ^ Ju^ J ^uty j* Sjl^r 8jk^ jJUIl dLkS'i jiui .5^1 atrM f j*Jt 
.<tfUoi J cjIj oij-^» c^-j5 aaJ^ h*-*j oUtji J*-»j>* c^j^r! 

^ • •• 

c^j_j^Ji j* aS*>Up ajijjT SjJti ja J&ja Oj&i ub ^^u-Ji <J*^ tUUJi aiapl 

c^jSM C~-Jj t ^^ J^Jt cM tUJUJl Jqju> £j$\ cjJL* **Ljl 0^aJ» ua,Av>a J^>- 
3 fltr» j— a ^lilt *j-£]1 lA*A^ jja j^j *^jdi tUaiJl J *^jaj jP SjLp fj^Jl 01 



j> fl655 fU- J^jJ OUJ jj Jl^\ tfjJy> ^bj j ^bjJ (^1695-1629) >£>> OU^j/ * 
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^PJL^f cf j— *Jl j a 4As£f OibP ijrj OUJ {#j\ <jd*rj Olitisf 1 O^Ul? 

Thomas Wright o— jij ^L-^j? ^ jjbty <^ <f 1711 ft* JJy j* .01^1 
<£— &£!i j— j_jjuJi Ob <ub .diUJi ^j^ oiT <u£)j t k>Aii apIjSj ol^bji 

j — • 4-»-P OJj it t *U-Jl J jjai^ J^j ^jjsJ ^ f j^dl £>t CjIj J&*-1I 'JO*^ 

.kU)l OjJj ^^^j U ilJLwl JIp 4ii£* &3UM f J*-J* 

C- — >lj ^L-Si .j4*Jl Ifl.ft** jP *U-Jl AjjL^sa OldU^» ^1p f j**Jl £ijj? *s£ U jAj 

fcJ!)L^- ^ Lp A oh-rTo j^kj f j^lJI *^bj AJu ^»cjl CAkk^ib oP*>Ub jiae^il 

.y>lk)t 

I ;f jli .SfcUiJt OlPUult j* Jjb* ?tk*> J& fj&l\ £jj? A-JlSCaj CjIj JPj& 

bJL_P jtTl Ujf ^>^» ^ tafiU-1 aUsd J^ Ujkij 4**dl OtfU-1 dJU* t^Jb-l j«J* 

0? j &: ^j—j^tJl 0\ J^-j olii?- aJ c^jfj . t »-Jk l ..,,o JSlio brjbf- IjJj Ujk» j) Ui 

. j^yfr j*-£ f\iasi\j l3j> CJlT j] ^ t0*it Uiji U^ AJiyU- c-w'j 1 * f J 3 ^ 

^4w Original Theory on New Olj— ^ 1 — >US* CjIj jX*i tf 1750 ft* J 
Olfj .(Oj^iJ jw* j^i^i j* 5j£v» iijlai) jf Hypothesis of the Universe 
Lr *£ ift^bu .^ j^JU 43%jJi £s*\£\ Jup£ «5^#» jt Galaxy XlWJ J**u>i j* Jjf 
Ljjj Immanuel Kant c — iiT J^tfJ **jj^d\ ^Jij ^^J^ f^ t o^ 

. J^U^ ^y ^i* ^>w? fJ 8 ^ ^^ 
( f 1738 fL_p d^-JjLi) William Hershel JJi>b ? Uj ^>U)li ^/JUJi fjl 

JLfUfl-^II- J j— kit JUiu^it J-ijfeft jji cf 1785 fU- Jj .Jfctif CjIj Aibt^» AjjlaJ 

i# 
5jJu-^ 3 ak^ 683 jW^ ^Ui c^k)b U-3r IftilO*? £ks**j ^ .f j^* ^^ oUJ- 

dO^j! f j^J' ^^P 0? J^j&A J^5 U OlPj--* .^iJbT tf^Up bj^JiJ juiu OlTj — LSJJ 

<l)j) ^5\ Jb djjji J-^j i-j^- AiUJl *->j^ j^ bjsSl UiS" iijkjpb ^l^jj tU-Ji i?-L*u 

.(AiUJl Oji ^ SJUUsil &^\d.*i\ JUP dU^f J *U~Jl A?-Uo» 5JLs»-jJ ^j^Jt iOP 



.^jsLl - (^1804-1724) ji>Jl ^r^ t/j&i. j^i j* jjau .^lll tfij£\~* j Jj—M Ueuj j ** 
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^ Ja) 2029 Jjr\ Jrft >jx*l Si/jll 8j*» >S £L. «2Loj>L> £»Uw* -0\ 

UUi o^ lj^ j^j ^f t Uj-*> k* 5600000 ^»j*- (Vj^ fc-» 1070 j|f 
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The Nature of Electricity 

fl752LiL!^VI 



«„:. — :~ Franklin &&*J &>\*H % hftrrttt q* 



S^^alajJl 2£U» {yv* J&ULSY1 CL4> JL*i »^U 

CJI& .iJUUJ! 4,t,,hll jiUflll j^j 4d\kil UjiUw JaPl j* dO^lj frb^^Jl jcutf 

4->jJ>1j 4-JUJt OljjkJl j* JbJUl] JpUJI OjJJ UT .AJLai-1 lyjuJg ^ IjaLSi' 

Ot—LiaaJl J_ b* o^j * tfJLJl tSjjlasJl jl*iftU dUiTj jJt^P £*ils)l tij}\ J^- 

.|M...£jUUj OljJjllj OlfyMj ObjlkJlT -dU5 0* oV^ 1 

i^j-J (j-J^- lit tj^^ j^lftll £)^2Jl JLav.« J tb^^Jl j^ *JjiJ i)\T U JT 
jIl^p Jjt Benjamin Franklin ijrJ&tj— i u^^w <^ . Jtf J^J ^^ j 5 ^ 
jpUo-JIj jfLJi d\ jiy j^ Jji OlTj US* .^1746 fl* o^br *Jb^* <~>j\£ l£j£ 

.Aj\h fr^^UJ ObiL* <^J> 

.ftb^^Ji j* 2J?li ibO J*£ £)t ****£ l^Sj: d~£ J~JLdb ^^J Ihjp O^jlj 
*U Ad03 tdJb J) dJ&)l j^ jJU Jjjt j4-«j JUsib AsJr^ br^asd ttki-b ftlP^Ll AJJbdl 
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i C- ilS" hjJ±\ hrj\ dJLA 01 l^u^ {jJ&\J £j*\ .U>jf ^J^J djjM &L^ 

*b ^-wto dUij 0C> frU^^Jl j^ jPWaJlj jS*LJl 01 oUi gUSoi^d j^S 

Pj Jl C LawI LS" f jjdt j* frb^&t JlflaiU £*~J 0Jb*>! frlPji 4$^ 2Lj^t^ 

frb^xJl A*A-) MjJ SjjUaj C>.jta jJj U>X** dULa j* 4f/b <jrl&lj3 £-U0 

Jj J— ~a!i J^L-? 1 - tf frO^Ji ^j^ of o^j^ ^J .syikJt j~uL Jp^*y»j (f j-*J' 

tgj—iy ^j--» j! r buJU y^l ^Jjai\ Jajj UiJ c^JLLjL -kjO* jr^ iS^i^ r bu 

jjilL-f 5*L--w Cijij «.tjil J SyiWl Ojxll cOjblll f jjdl i^jlj V^l £1^ £j* 

*>Ui d>Jb- U Jj .^iil 4ic4j JUu 4sj^ SilpJ *ijU yM ^^-Jji ^IlP OU UT Oi^ ! j* 

«* ^ «* 
0L-S*j .4 sUf C^irJIj clsil*- lijji Uvj j^J J^Jt it ci-^UJi j^l JUi J 

.iL'U SiU UlTj JjmJi J^ ^tlisJ ^j frb^^Jl 4jjj J^ IjitS j&\J 
UT -4iaJL^j <Uu^l Jj §jlj-5t OjiJ ! JjfU b .r bill dlf jJt£ OJb jri&ljd ^° 

IaL'UJI tb^l -Oil JWj U?^T JPUaJlj jTUJl 



j 4_JjaJi J— -rj j* \3jj*a 015* it .l«lP 15 *u* ij^j, Jtijjf JJ j^ J-^»UsJi dJU OjTi * 
5 — JU.I ii J^ 4Jj^ i.^^11) jjJ&ljS C^b?cu ^j*^ ^js^l J S- 31 ^ J y^ 1 J i^-^^l 
3_JL£jl Ol jJbJl j JPlj-tfJl 4*iUT SJbJLiJl AJU-ljS^I j* (£*} h\jJ cJlk. ^ AJl (^j^l j*^ji 

.^jsil -«f jSh j ^^ 4jUdJ 0( (^ lJU j 6 b» jlSol ^L jjy-^i 
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J^l OJUif ^Jl t JPl^flll toll *S>\j*\ jib Ca^»j* <0*si i^*^ J«tsJ» itf 

j^— if ai Cfti^i»j* J*p Of 4»JLa ^ ^ij .l&$l\ Oj^Ji y ^ jjJij jTuii j* 
4-JUScJ j-iw-p ^*uJi dj&\ J jjy-Tj JLs^jjij ^bijtij uJji J tut jjy-T ft ulp 

.frU^S^i hub j\j*A d& J OjljJty* 

J jiLJU aIUwujI Popeye tSUb jP ^J^** li-ajjia <jpL£>> dT^ 

iSUaJl j^ijJ Ij^Uo* iiUJl J Ojj&i f jJt tUl* uf .4J%£* ij# \|/ 
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Oceans Control Global Weather 
pl770LiLitf*iai^ 






^^^^^^^ft^^R' 



9<^aa*tf ^Ul <>«** viUOSV* ioa u*j tilt 

^3 .j*£U J--JU AJa^l OljUJl o« (f*^ <j~J^ ^a*» J gs^ jW* j«4 
3jLJ 4-^dJLJ JUiJl j* 5jU-l alii j^ ib'U OU& JJU cjuT c?j^ ^ ^ 

? 5.8* ^1 <y» Jjf ct^Jl> o^^ <^0*^ (Mj tj=*^J ^ ajl l^J ^ 

at 

4*Up l-»»ji 1JLA <d*P £sdt .flbdl ^tuj j-^U 45-W iJ-^Tlj giiM J^ <^^> W* 
OljL-J jyUj tr bjJl £» Ja^f OljU Jpbfc cia-il djly t Ja^t Ot jU Ji* A^ljl 

gij-»— all «-M gulf stream gi^t jU3 Alajy- ^^ ut^y u^^h £UaJ*i 

J L-^o *>LL-P Jig Jtjfcl oljU Of JUi^b Up J*T( 4£3j .JJa-il 4*-*ll ^ 
J^- L*k*> Ua^ OljU ij^-j Ijia^ d\ JJIjty ^LU^L^t SjlkiJ J~* 

tp ^Hj— ij Columbus * 4/ ij— ^jJjT ^ J& *j*jj .^^ — U?Sft Ja-£i J (^^j 



(L-^j^f) jwdfc.1 jiUil O^fi </JUl j^jJl JOa^l 2l\rJ\ (^1506-1451) j-j^jIj^ >j*-*/ * 
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Jj loyjtt ^tu dia*»i JL^ gi^i jU ci^j J Jjaili Ponce de Leon **d>jJ 

..+ !??;» Jb-lj jLu j l^*3^j Aj^aJI t£j^ JaJ.^ jf 
Cfcpl* f 1769 f\P JJlJ Jj *Jjij£ l£j£-Sj jk-'i* J «l>jeiUaijJ\ L>j)jj~it fifc 

jLJ\j Uli lii^p-l jjTl USlfc dUtf tff UT 4aTjJ-1 J 4*j-*»j Ij*-p olJJb jAJi 
l>j J J Ig— sJ^i ,JiAj cjiT jlLT ijj ^ 4jjU a~jL» Otf> ot^y jUom»i 

U— f ti&yH\ 2b^jl» ^y* .ijiUl yi (d^ ^ifijJj ^jjajs* j* B/f 3 tej** 
.^jSJi jLsJl '■** 5IM1 Li^j L>^p o^^j Ujtfr j» ^ (3j1j: 

A3JUa3 1 .jlJl IJLA aJUaa* J>U>jfj Julj^ c^^ ^iap- ^1770 ftp J^U j 
j-*j .****14 J-**Jlj i*^^ AjUjLw JLp ^*>U?^I UjW jiaijj UjjUj AJUajtjJl Aj^^lJ^ 



JL-jjJt-t ^11 — «JS 4_iliJl db-j J j**aJ/ jstj ^M aJ^j (f 1521-1460) OjJ ^^ ^j* ** 

.^^sil - 4jjjk-»^t «->L£Jl jjtf-*& J^s- ^1513 fU- Uoi 1 * *JLi^» 
j^ i»^j yu^l j t 4X^I 80«Jl1 Ob^jJl cixA ^Jl 3j-iP WiJl JLjUajjJl Olj^cuJl ja *** 

IX-xa &yH l^\J^\ djl^s! oU ^JUl Lfr^^ ^UajjJl cJlJrl ifl5 ^juJ .iUi ij*j Uj **** 
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.jjJlkjjJl jP AJU^JU* 
fljj s> O^ ?-j 4_JlT J*>* ^ aUll fljty- ^b,r, a CJ^iy ^Uaj Ot^j* ^ 

al At 3jl^- *)U*u*w» t 4~jLJl T^rjtJ **~* aJL^-^Jl jL** *lkjl Jj <^f ^ i£*^-t jW> 

,aijJb- JUJL«J A^-j\>- aijUl aUll fljly-j jUxJt J>b fciUUl 

-20) V*k~ !l o£j 2L*kJt SjljJ-1 Olrji ^La jri&lyJ ^J 1 £** ^ 

.Jxil oljU (^ ^bJb j) j*p ^13 ^ Jjf ^jd&ly 0\Tj .(*****UjSli 40 

^ Lp L-fcjjlJj CJ\kJ^\ OljLsJ *UJUJl *Ui*tj aUil J^&\j *->**• <2?^ jW» J* 

(IL-Jl ^SJ UAiP f 1814 flp ^ ?**<** jSf^i ^JUM jtsJ c^'y ^j i>& 
{£-J2~\ j\_j jp <ubT Alexander von Humbolt cJj-/ Oy jJL~i3f yilty 

4—i»Jb Ob 'IjUJl t)ttU Ji£ .(^-ifc^ll Ja**JU 4J j^P 4b-j 20 OLAJ J* bbt-il 



3 — a^A>»^1 *JJ— ^ lt^J^ 1 (»^ ,j ^ 1 cT* - ^ tLJy J l^bJL^- Ij^ 4i-^jj j \^*iJJ\ <^oJ SjjiJb 

.^yii— ^o5t 6 lAjiJLi* jbtJl j**J j^tJ 5j^-j jjh ^j5UJl ***** 
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Oxygen 

fl774 JaLJ^VI 




5J^_j>JJr1 oljUh JJ£ J tJjAj tyJbr j£)j ah.,....* i-Lp ^J^H.y. fi& ilj^-t j 

?*U J jos+j Ja ? jU 3L*- J* tjjLL> Ja 

j_* ^sTI fr ijAb Ua^» Ji4i Joseph Priestley ^^~»^ <-*ip- 5 r^" ^ 

frl Llj jlJl a*) Awjty ^J^AaJ* j^»U*Jl ja J**\j frljild 4C^tP *i?^ .V*u&1 AjIjtIj 

iljl 0*3 -Ulil lib* Olf fJ^Jji dUsji U j&j .^Oiil ots$3l J Sjjf ill (oljsJlj 

jii*ApL^JJ J*^_^- OlPlii J^-^ 5JjOjt OljUJ (> 4«.;.^ jP ^Jj^T frUU c^sS* 
l^p> c$f £-1* Jt Jji j& tc~£jM (3*js^-t iipUa^j 4~rt*-jJl Se^ii ***/}\ j&Jd 
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dJU* Am*i\j$j frUs3*i l^k^A <u~ii J^rjj <-jpy£^\ \^A tJ^*<y ^J^J C>J^UflJf 
OljUJl dJU* L*»ljij JjJ SJLp^I UjjkJl t)f t^**^ Jj 5 if 1774 flP Jjljf J 

f j — «j mercurius calcinatus i.l/* \\ jJjJi a^U J^ *jlJi J* ^yi 

2-. jjS Sjj— ^» i^^lp t^^ejJ Juucu*it if 1774 Ja«* (j..k>.^t) oT j* Jj^l J 

mercurius H Sal — • v >— * $j^j— j ^Ip l£j=£ *~i Jp Lr *Jji *j-> j-T^J 

^1 — srj Vjjf ^j^j Qf c^JLi aU** Ak-»ijj S^j*u*« 4iJi)i cjiTj .calcinatus 
*LJ>b ^j—^Si ^^-^ SfrjL? A-sr^j ^pjf J^ l£j& t\l\t *^ J*~* j£j£ ^ji 

5 ftjflJl C. £> ^i (/^J^ yh~4ji *r*J$ ^ • 5 ^r i *s&-> *«**U ^1p 4jjJ&»j 

OjJ^II h\A jfi OPUaaJb k*-£lj u-»IpUi3 C*U» tuJLall jJjJl Sj^jj j?w UJLP 

Jli j* <jju> c^j*b .jUSi <y> i^jbjw 5I=T Jj imJkli J^ Jjs- ciliM frj-^J^ Jj^*J 

c }\# aJ1^J\ ~a£LjJ\ J^ ^sl&y frijib 1^ Uo^r JfrlPj ^Lt-^^ LiS 

jL-iJi ^ii — T -s^U ^j tl ^ J^ J b^ t^j* .^uJi jUJi J^ ^js« oo $,ipj 

^\5j .JLfcUll jU)t IJLa ui^j) «tcAJ* jUll» L^*J j^ Jjaflf jA Lb ,Jz~»tji Jbs i 

J — o\£j Jjt — u^ffj 4sP\^t-2> £fc^u»>l c^^Jl j iaJu jAj Jj^-f .4*15 JUfl^ J l^b^jl 
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Jju Jpj^tiU j£io ULMj ^*** <*~*Atf ,Jbj .fljlt OJLA 4jjJ-ij WjJt J* j^SClU j*i 

Antoine *— ijijtt <5»j— tot ^j— > ^u ^ y-T ^i* JiSj t Jb- ajJ ^ 

.*(ifc*-«f jty :f jji <-*jj*li ^ j y^ 1 ijh~*ji 3^ ***-** Lavoisier 

Pipin o-b 1 ^ 0^^ c^J^ 1 4 <M J^ J*j* ^J • J* u * 3 0>** ^Ly ! 
.4JU 58j jflb 8 jiJUfc ^Jai dLi ^gat ^u Ja*£ Ferreras • 



J 
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Photosynthesis 




^IL-Jl IJL-i J* plitj 5_jUl iwJL^IJ 4fcjJ- f^iJi jiAJj US' .Oj^&l JL~f jl 

I* ^ M*?< 

J-juj .f 1730 fip JjjlJjAi iju^ 4^ju: Jan Ingenhousz ^j^^! ou Jj 

li— ft c5 Lp Oj^ ojU cS^r'j f 1774 ?\* jfy^SjH\ ,J*~»ij> J^jyr difoS'S 

4jwJL_1I Ol—ik;lj gv*~*Sj^ £j£ JUii^ gJ- liUiil J^ ^(j c^fiJt &p«S/i\ 
j_« Otu-.aP y}&«*iji 4jl J>il cfrlPjJ^ Jl JbJLr frljA c^l Jj^^ r U*Jl Ojij .utflj 

^L-jiS c^lPjll J \Ji £*j ijtj^ *bu !*m5j? ci^U JU- ^bJl Jl»\p j& .« £5S — Jl» 
C^ J J^J **^ J^ b <i! C^-^J^J £^ OlJ ^Iflrji JU- A^i -«jj*b 



77 



b\ \aJju jj .<l) <d cJL»j &\j if 1777 ^Ip JLl-j^ vj^ J* c/J^^! L£ 

jUp^I ^ J Lt^ij tSbjjS 500 «-jjli U (j-jl^-Ail tfj*f n^-ilsl* uy*^ J*^ 
4_j?*a <£JLJt jUll ^Ip Jj^a^JJ cfC4[jt» ^£yl3 .fc£*ll O^Us^tj Oljytdl j^ 
.frllb O^oP J 4JliIlj cAaU* d^V J ObJl j*fl£ UbU*-J ^JaiJ cOVJt 

cOl—Jl JJ ja gall jttJl I4J ^ dy> JS* Jj .3jyw> Olptfi j£i J^ till c^ 

jd&tZ JJ J&p~Syi\ cJLJ^fl jJiJS^J .a&\Ju£'\ J-tUJj JU£ ^jlgiJGj ^jiAJUl 

Ol jUI C^lS ij .U IPjj aJUaII j^u OUlJl ^j& UiJ tOjJ^Jl JL-i'jf 3^ J* 

J — JUt frbif jt Jfcjl J S^jll ol?Ul c^tl op- J c A &JLa.J id ^Sdl Ctfi-ijty 
.t)jJ^£)l JL-*Tjf Jjtf S^J OyV-^jSfl U^ tj-iJ^ c3j-^25 CJI& .3JUjJ| <j~^a* 

^■m ^jVl j* ^W*^ 5^ ^->bV<dt <^ t/J^^i C^J^ '^jl^t (i - J ^-* •*** 
j— » 5j.^Mwa oL«^ tulJ frill J djj**it OlftJl CJl^d .4] l^Ua^st ^a j&j jS'l 
r L^yJ J£jj Wlj c^Mil ^^^JLSl frj-a) If^tf *Up oIpIS j£i» ^ j^^^jty 
lyUi IjlP C^ujU cf*AIaJl J iLjb OljsiJ JTjjsl» OUUl U . JJJl frbtf OlPltill 
Jj*- IjlP C*^» tj-M-ll ^^oJLll fr^i? Jj Uli OUUl Cidi UJ^.u^Ut ^\>l ^ 

*J__P Lbta *bjb^ii j^u*»lj cj^gjtjl frj-£ ^ip jUlt ^ bjj ^UsPt (jtj^hty j$\ 
US') Ai^Jl j^ S^lll j^Uowb (j-^p jl f Jbr j5 43 jj) OJUJI^ ilaT 4j^ OtilJl r ^1 
j_i*Uri ^Ji oL ««^ti .ouJi ji ^a ifJbf ^ bf aj^Ji ali? 2 ij t(0jy-^i jfe 

tcr ^JtJi frj-> ^j^tjj Sjujut 4~£j 3^U Jj aJj^j 

fl779 ft- ^ A^Jto jJLij . u **Jd\ tjj? ^ Ojjj^J* JL-i'jf ytt c^±u «frljil j^ » 
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.«oiji J ^a-J-i Js> ojtf» Lf\ Experiments Upon Vegetables *W o^ 
c^jljI jJ& *«^^i\ frlJi» ^jtf 4**y^» jp UsJtJLt ^Photosynthesis &iJ ui 

.f jJb (ptoJf 3) (•-*> 91 JUtf 0»jjJ-l £ljrf <>*) j*y" t^Lojjla JptJL* (f ~*) 



t^-t *% chlorophyll JJjj^&i **r? &--ij* tfj** i*^ 1 *^ tf ^ j^ 1 ^jj** &£j a5 * 

jt^ j-j>\) ^L-j Jjsrjll -b>M J-b f j»~rAU ^ J^JJ^ 1 *^ f (c*A>J0- Jl 0* J=^ 
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Conservation of Matter 

fl789ciL5u£ViaLu. 




J_i ^i—ili^i measurement —It lu: j*jj ^u^ Jjt -^j^^ Otf 

observation I* <J* *u*w g^u^i j-» «uJL»( jj» u\T y&- J 4 oj^cJi Jbyj 

Jjj_J jJj — It 4^L& .a-jj^i c^ApLLIJ <«J-^j)b> description — I'j «*i^» 

.«3^lll Jaib-» tij+~ j j ajj J^ Lull lift OjJU*u*j j-UUJl Jijj *i! .iSyf^i 4Jb* 

*jfi^ *0*jW J-** .£**^ *!»*-&» ^A* j#\£j Lr - < i -HjtjM J*p ^jfj US' 
.^j-Jrl cJ^UJl ^ %20 JSCJj j*H\ $ UAa^ij 4(^1 jttH oLrMj ca**"Sj^ 

Antoine *— djijM Oij-Jaji (|r *-J>l» 4-^rjj c — fry ^1781 ft* £>o J 
aaJUi Ji AijJlf ^ 5aJU^ j* (jiji ^jjj ^ *s*^ *s^ ^j^ 5jl-J» tLavoisier 

jfcP \jjio Jjjj I4J Ja*-^ jjiJ-AflJl 5iU ^ 2bj*cJ JL^>j Oj-iJl OAA J s-br .*~-JjA)l 
4_ilj jftP CJlT ^Ua&J 4i*bi&Jl 4-?ij*Jl 4&jIaJl Ob ^dtfj .LjU^ 1 C^ApUJI 
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Jjjl! JlTj .<uAJ jOc U J**~** *0*jW cJlt Ulj t^jlf t\jr\ J^U- ^tjU JU- 

.Ig-Ai ^Iks-rt lilt ^1 ^UiM j* 

Ojj— h jJUa • d>LS*sf tj AJJb Ojjll ^Ul JfcJUj cJjjj hji SdlPt 4ij1jd^ jji 

a. mPj jT .Aijj ^^j JsSjJl 4>1jb* &S" ^^Ip jjil^iill ja lj**P texJup £-&j* .JtfljJl 

H(jT,* „ 7 ^AJ (4^13 4jOUj 4a* J$Ji» ^^Ip) ^^J^Jt ja h**j Wqj ktjL^Jt *L*sTl 

-tej£ J u\i Jjj) ulsj US' 

jjo |l .jujbr j* 43 jj ^tf f a j>i &- iijj^ JteSj J**A\ 'ttjijiV UM cJ^li 

«/-> Jj^ <Jj ^j* 4JfcjJt £=3j 4t£yr U OUas*«»1 4jj1j3^ Jjl*i3 .JaS «5jJl Ojj 
.Ujj ^lij U J&\* ij«£i\ &%J«a1\ Jljfail jij .Uj*r V^l^d iJUA Of jj U5* *1j$JlJ 

Ajj-wJl Jjflt-jJl j~jb ^ J* J AiiJjJl J^b **jA' *«-» OjjJ^ 0? 4jj1j3^ g^-i* 

frljii 4->Ui^V tljil jja b\JuJ*r OUIj^ J^-i cAiJjJl ^ai Jj*j .^J^Jt 4aJ? Oj&J 

*»j— it A^S C~& j&j .jjJUaiJl j* j£"\ lff%Jufi %>mu«j> 4jj*s)t ^j'y*il *\*\ 

p 9^ ^lij fcJisJt SjJJ **j*sh jj^ .OUJt OUI^p -lib ^ ^r^ 1 *^ J ^"^-^ 

gaa-i\4 .JjjJl J>-b ftljil ^Url jp %20 dJ^rjd t<-r i^Jl u-Ty J ^^udi ti^ 
j^-> ^ %20— Ii ^ Ob iSj^ij .jjjumH ^ ^^hj^ 1 ^k *^* j^ 9 ^^ %20 Ol 

CJI jS3j 44JL*-f vj\f J*A>- -Silll ji -OjjJl «^^O^u-l» AJl^U Jjjj oi^i 

,4iJ^ OULS JU- \jJu&\ jJ Ui <Ji ttUsA^I frUUJJ jSj: U OVS^l c^ftJu-j U 
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ojU — *i 4jUJ 4jjIjM oyLy Of Oji j& .S^di Jail* ^jll Uli *JUafi f JLoi 

.f 1789 flA ^>i^t ^W3i Aifjl 

^L«-£U U^j Sjt^Jt Fornax jj&t a-S'jT cJLi- i3Laj>l» <pL2** (jjp) 
ft_e iL-wjyJl 5jj_ &!l Olfl iUailb fJkpf <^JUl <Ojtj3*i Dljkil ^ya)* ■' 

>1794 



L^JLJi) gi*^ ^bji «ttj .aiUit ^uJ j**Jt i*^j Sjjiii o^ir j jj ^ Life aJj jiii ^jui 

jj. Uy Alifi L-Jy aj£ \fi j& ^fj jJaaJ iai3 aW- ^jJ» : j&^-iJi <dj* Uju (<u ^jI» J^-f l>iT 
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The Nature of Heat 

fl790cijLf^Vl4^ 




\ ■■ ■-■■■ ! • •■••••• ■ ; 



Caloric ^-A— 4 <^jj— J' ^ ^> j&* Jft*» j* 5 jW* 5j^» OL *UaJi j*T 

j— p iJjj— — * «0js-^r^UIt» phlogiston ^x ^y-f aJ^» j&* <>^ ^j*-j* ^^j 

.Ojs^^UJt j* Ifuai £J£ OU&j Jtji~\ ^jWJj t^jil Jj 
'(p-* :) OJL-S'tyj 5j^1 **~kJ frUUl ^3 Oj* AituM CjU&aLI dJUfc cJb~ 

^o> J J** (U\p 37) Count Rumford ajj^j cJj£)l £>tf ^1790 fl* J 
J—** cBenjamin Thomson 0j~* — «js i#»^ (*-^ ^^uuj-iUU jlJi^ ^* 

^ UaJ ^llajjJl ^^lp j**%*^ j? cA^J^a^t jij^J^ ^J** J^ 5, W^i^H ^J-*^- *JjA*J 
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\ ^.a lijsr iji>ij b^- ijuL^ Sjt^ji ouij^-i j*ua; i5bbj tfrikwVt <yyfj ^^ 

.l$l*b SbrjUt 0LL1 J lAJbjy *,UJf A^tAjsll intuit niyi j* 
O^L-jiH cJlf j U^ tj^tbj <3Jai Sj&^Jl ^ijJLi CJIT c^oll fec?f j^-l J j 

tojj * OlT gu*U d\i tlfL* frUrf j^ J^Jtj j*wJ OUI^M dJUJb- CJlS* d 

JA £JA*» jl£ ^*~*J ^^" J*-* J^Ufli .^*i!j l^ilj £*J UOjjJ frill J* Jj^ 

frij_J»i Jj cjj^-j oS Sj^ j* dj^ oL*T of ^jjaoj d>af t^b^j tS^k 

d^Uit CObj! i_Jf «L_iU dlJL^ OjJL&m frUJUJl OlTj .glUll OUliu-. j* frlllj 

^^t- J £UAib 0l£« Ji* Jj Oil tSyuJi j^ aid .(^jiuJi j-a uijs* ^bje t&j*w 

Uyr ^-ft-^3 .0j**j jjfj Ailkj-* JS* AJjs^l <^yuJl j^ p£ ^ ia sm^ <!M *jja»j j^ 
.lijly- J S^bjJt ^Li 4Ju cl^yi J^ jJ^il &\k~* j* ^fil\ frlli JST ^Jr Ijfr^ 

L_i*>\3 I^Up frUl OUI^-I Jii^J UaJ aJ^V 1 d ^* f^'y" JUj»=-iU SjjA*j J>\ 



.^^sil - Jail U^ f 'Jj^ 1 ^Jj (*-^ ^ jL -* sJ1 ^ 5 Ji^^' 
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jiu« t£-i Jjflj iirjUj A^uf ^jf Jijj ^ Jj .<u^f o^f J dp- ^^i ^ £&. ^ 

OJL- id JLflJ .f jJt dlli £>Jbi ^kb^ U fr( -5> ft»f CJj&l jtjiJ CA>&1 \j^-\ j 
OjJ— *il \JJb Jiy OJULt iJLft JaAtfl it *>L^u^ 4J tJU JLdJ ,hj± r J\ Ol^jOJi ci^L 

U OL iJjitj t bJL# J**Jlj jiiwy- JJuSJ Jl djSyu p*j JU*J» ijj*»j *-3lj 

!t)i] id^y j! aT^-I Jj*cS -Sjiy-t 

J j— 53 j .6j\j*iS Ujty ^Uall jp -of J»ju j friction dl&^'Jh fjJi <uw 
1j^»j5j illSc^^l SjtjP- jP dJLuUrt ^jj^j CJj^Jl 4jjk^ u*-i i}X*j jl if 1790 fU- 

ji_^f c£JlJi -cni dt£»^i jaj .LjjJri u3*>UJi U>yo ^oJ iJjUij ^y 

.^2004 fl» Columbia \~*Jf 
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Erosion of Earth 

;>1792daLi*VI 




4_Jb- ^^-Jp ^S* Je/i\ £^*> dl dysji l>j11jj *i jJU- jMill djft\ ^UlP l^ 

J^Jt * \ i-TjT 4 ?rj £jjs> (ry <l>UaJ \Aj$b\ JjJ) 3«m»t *^j^ d^jJb* jrJ- 

aJUb j* *i-^J* J*^- j* u-Tj&l «Ja*- ^S^y p& ji^^r ^j^3 .£/rUL»j t£jJbr 

til fj*^ 1 ^ J^ liUs ^ */•*-) ^jfrj u^ 1 ^-^ ^J 1 * ^ .iU2l\ Jl^ty 

.^Ij-^Jt jp UU: SXjuj LiJlk jl&f 

4 bjSj Je/i\ jJa—. ^_J ^Jl OLL*)l <JJ*£\j .\&&£ ^\ U*\ OLJl^lT 

3Jbj£l l$d* ^jty f jIp jj^JaJ O^j fty L-TjT ^*P ^ J* UOPU U tg^U 

3f James Hutton <1>j=a cr***^ O^J^* t/^j^J ) £j*j^J ^ *^^*J 4*~Jl 

idjlaS jVJ3i^\ SJbJLSJl tlj-ii^l a^Aj J^J J^Jl JjjkJl Jj^-^Jl £jJb- 
j? catastrophism — lt> 43jj*it 4*^1 jJri 4j^laJl kwu til£i U JIPj-jj <5jipLs* 
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j**—* Of A& ^jlT £»Jb- ^ J! OjsA iijif . <A*\*-£j 51J ^jrj JUrl C^jf ij\Jr\ 
.Ijj lf-»jij UfcTj ^JlT ^rj«w Obi j j jU£*il 0Jb*U» J^ Syr j 

A LJU A—lJti ^j2# jf Ufctla^ jAjU Of J&J <fr^«S» A3jj*a 4j»jk» tk£ tpb? Of 

*if jt_£ 4 &£ jLJai j-4 OjsA *-*»j .UU yM fr,-£ j^jSl jJa-** SaJal tjt-Jtf JjaSf 

. Jbjty gk* ^ V^'j ObijJlj jLi-lj J**Jl jjjSj frljj LUiJl ^jit ciUiTl 

j** — -> ^lj j_* j^^i j**e ^^ Jj^ j! tijsjb J«^j t JL/il l dUi y^jf J 
. Jj*^» £tf *LP J^^J^J ^^flJ-1 j* <Wai frjj» Ja&Jlj ^\ CJ &&3 Oj^ . jLtftyl JbJLi 
lAfrtff C-ss&j till jU « Ci^l lit ^j^f 4*byL^f ^ OjJuaJl ^^fl^ «*U JjjP lij 
OUjfcjit *JLJL> ^ j^ U 0l£» J i5U* Jj iUA ^-J I^Jpj*3 . j*w?ti j*w>f jki J] 

i*UJ j j»j .^»jJ» £fl Jl Jail 4*i ^ jl**-tyj ujI^sJi J*4 till Jj.br OlT 

jj !l LSjl&lj cAjJb c^J ?J** ^J* '^" ^" iS -^fi Cr^ ""J^ yte*±» te^r* ***** 

.Jj^jJj-Jrl \4L0j 

jl—Loty fll <** .IaI^s^j 4JJ tjrJ ^-Jj frJtJ C-i^-iJ JW <j£jty Of Ojsi iJjif 
lAJi ^b «JjlJLr J l^fl^ cjj^flJlj i*jJl ja frlj^f lg*o u3^ J*sUl j* OjJ^ull 

cT^ J^J -^ u* J 55 J* U ^JJ i^tj Jjl.br j^ty Oyb- frill OljU 
tu^-j Vj-^ JS" J ^J-*^J tj*fo J** 5 ^.h-ll c^j^ . J*^Jl pjJl O^- SjJjJl 

*i( Ojj-J ^— a ^jlP dLJlji li^Aj tl^ifcf c^j^f C^jS te"j CJ- te-fAA ^"'j^ ^J^ 

jlJ- i otf jpj^i A*JaJi ^ai (I |»Ii tbyj^w 4^^f u olT jJ .st^i ciij? >? 

J 4 ^ J^ <j^>^ ^ ^^ 5 y ^ u ^J^ ^ f ^ ^ ?j!AJij JvJb-* jJjut Jl (I ?0^H 

dJLJij J"5\s_llj JUrl ^ ^j^l i-J J Sjt^t 0! :U S^ <Wjtj Ij^tj ?j^jSt 
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4feuisH Oji Jyi u A3^i j* QjJi iSjk^ <J^*Ji <>\i ii?i\ ut .iJLA * 
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Vaccinations 

fl798JjLi£Viai 






.■•_ .=; ,.•.;•;•-•..:• •! 



J*>*_> bjjt 0\SLi uuaJ Vj^i ^° J^ ^J^ 1 ^ <-Sj*iJ .^^*-* J 1 ^ ^ V/^ 

j— * J *lT Oj— 5)j J~i 100000 «Jb*j i£y&\ UU^b) i^uJl U*a£l cJlT 

Jj—ftt J*5* c JuW» Jii Uf .5jj*«Ll £li*t J»lT J j-iJl ^ OjJU 25-j 1918 

. ji^T j£Ka J^pj jo-** 11 OyJi jik* 4 

15 Ojl_£ t_* A* L>lla3 Oj^lli.fjaH \& mJ *\ JU&f .UllP J (ftlj SUUi.1 j^ U> J* 

Lady Mary Wortley Montagu jpL^j* ^^.Jjjjj ^jU 5jl~Ji ci&yi 
f 1712 fl — p USy J jljOJ t 4ijydi JjjJbi ^ S^uJij Lwj #j-i*Jij *wjty oli 
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ol — jjb^l 5.UJ1 i-»jU ^jfcj *if tOj^oll jJlJ\ ^ oUil cJbr i^^-f 4k*-*>lft 
di_fe j* jjJllajjJl j* I3 a,..** j* 4-3 yt—» cJj ,-fl3 ,« (% ^JasJi» ^^wJ S^U) jU^udl 

t^jJUJrb oUai 01 c^£ \as\J\ ja bi d\ j] Wi jl^flll Mi^' J*^ 1 J^ ^ 
t^^ib e^jill JiUJb &JU jj^- Sj^ii lj*# J**£ jy?* l\y\ jb CJlSo .ituJl dib 

.OJU* frjikall ^^ ^J^' u^ jJLtf-*^^ iuldj l>i£»J J l£jU 
J^-JiyJl j_p ol^—^U ^jU 3jl-J» c^Jf cfl713 flP Ui^ Jl U^jP <^oJ 

Ojj_Jid t^jU 5jl*Ji cJa^ c^Jb-)! jLj 3jy»f Caroline g^jj^ c-juju*»I t^l714 

C^Jfc-j Oy^*' lc-^j*^ t£j**^H Cfk^jp- ^» ly^.-U ^fljl t?J^ 0JL*Jl CJt£ 

SLJjJl a^J cJlSo .*4«ip L#yr* j^lA-frSh fU^t J Jibill JiLJl j* 4JLJL3 oLoT 

.^^ll JJ^ f**^ Oj^sJ Oji S^jIp LLiil? 

Edward Jenner j— ur ij^! ^tiJi 4^>J^^ £}Jr\ &^*i cy-T ijw J^ 
i_juar j; — J\ uf J clS^J t^j-Ur^ uw*i (I ^jS j^ jli*lH Olj^a Jl fl794 flP 
jf j~?? JPj&\ . Jd^J* (JLp Sjjiw? CJ%#f- jj^Jp ^1p j-flai OlT tjjl\ jLS\ ifj^fi 
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c^jJ— sr 0}L_^j*- ja k/ . TM . U JJUJb f£*4 *>Uk 20 ^ Aa^Iai jVt- *-/>*" 
,j lp j yi c?j^ J*k JS" oU>li ,*sjyb OULail jl^ty Olj^ c^jl?-] jlp yUl 

jj-Jp jS3j .ifih jUtS* j* Jbudi oil cfcfel* ^ *o& cjiT jli .j-sJi ^jJLr 

cJ5\p1 Jpj* J 4~L*li dJU JL^jl «£Jilslt» c?f vaccination AkaJ * jr u^- j^yt 
vaccinia uf t«5^AJt» ^u 4*u?*}I US' ^ j^ vacca gfa i» i .f 1798 flP a^JUj 

**^jJUJrl aJljl WHO UUll **wdl 4*ku cJ^I t^Lflj^ JpUj* — ^ 

£uJ*l U* ^1p *Ji\ j>j> £jyr i/kyti* ^)\ <J>* ^1979 f\* \J 
JpjJA **Jb Alb- 4jf OlkJLJl ^oi? £ fUll dUi JLw» aJ^j ^jlsJl • 



jl -»jt fL—Jj ^^t ujiii 4JVd U jA jL-Jl lia J JUL U jjf- t Jb- i»( ^U .yUt cJjJjt 

ii^ki d^&Jt OJUi JL& tjPlsij* 50~Jl JU? 03 4*^T OjSj V t)t ^t ,'^UJl ^i j^ Jjf Jj 

.^jsll - (jj*^^^) Lua 3iji Jp^ j jUlo*ifl 
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^^yiuh'i jtl 3>i j *<>*5tJl Coo 2UuuVl 

Infrared and Ultraviolet 
fl801j 1800^1^^14-^ 



(*»^-J-i cj£) Frederick Herschel J»**»,«i»o-*> «fcAA3Ktt<>» 

1 ; ■ ' : . . : . __^_; 



9 0< itt«tt ^»U* o^Si JaUoSVl CiA JUu lilt 

£jl^ £UA}i ajsrj JU^l Jl f 1800 fl* urJ- -AH J^-t (* ^ cjMj-^ll Ory^flJl 

Jj-Jj *lj *J-» c*£ iitiSli OU^Tl ^*j .4jj-iJi £j*Ji 4f>iasj ^JL!l jjjaJl JlkJl 

^PU— 5»^l uLUl d-^ Jl ^U ^j^aJt ^jOp- £jl>- 4uJUJl ijjjl J If j* ij^jLJl 

Jl aii b^u <a_£Jlih oiiUL-jfin ^ jbjkiiii \^\& 9\jJ»\ cJ- 4*i^i jjo 

J ^A wtH\ jj =*? s-ij^i-l C^ IkS>H\ CjL»~»?c* 01 US' .CJbUJl kw> 4jUJj Jo«£l 

Akj-t lb 2Lpli-l t r*flasJl 5jj5»-t j^ ^Jfr*J JO^"* CjIjUjJj 43^1 4~^j £j\j\JLP J*P 

^Ip oijJfci-tj jjJaJi ja Jbo*]U c?j-aJ ( j^ 1 ajiSLo] *UUii ciAsTi .*tffa}i Jyj 
p UJs^U Jwaif ^ii c^jr* aid c^-^iJi Jji 4*ity ut .*lj*i-1 cJL fctity ^fi^ 
a-_8Jjjl a* ityj 4 .,;,,, J t 4*i^l IfboJaj -ciiaJt j^» AdlkJl aJuJi frijsr^AJj <j~*JJi 

$i^UI£¥l III* P L>. c-LjS 
.fl738 ft—* Jjllty >>U a*u Frederick Herschel ^j* dbjjuy aJj 

.L»^j fte yil\ y J* JlZ& ^S/ Jjf dUJb JjSU c^ 1781 flP t/^y 
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Uas* 



3iL_P OlT.^^Jl frjjaJ i^iji cP*jft* ^Jb c^1799 fl£ y-ljV 



OW^I dJUb j^jy Ajj*u*» ia*-^3 t^jJaJl uMaJt *lj*-f J-tf3 <j^j*J OljH Obxiy 
AijJlil SJjJaJl f j^ d *k* 0* J*" J^"^ tyj^ tT^J 3*^ ^j* J ^ j^ ij& **• 

^.n flT.ll t)j Ul 4 ok^a j* iljkjpb 3j1jJ-i f U?jl ^-^ ja C^e*s3 .3Jb- ^ 

J \jj—£ £&i ti\ aJ ^kJs- 5t*3 f .j^^l OjDl aaL-a jup UUaSi CJiL jp- <?^) 
.(5j^U ^^fcJl ciJaJ* •**) ^^' jj~\ j\j£ Or^wJ* ^^ JLP jJUall ^lyi)l 

.^U ^j^ jj^ t^f- Ja-> £* *i Ajf lilt «jjj ^U- Jaibi t)f j1j£b L^- £>lT 

.LiUi UUll A^yJt jl^l J^LMi Jj cia3 *i»Jb& fl iJUfc J&j 

OL-jtjIi iU s*l ^ Ip ^j*y- Obrj^ aJSJ j*om£JI Of J^bill J-^jt* J0j&\ 

5ji^_J-l A*iti -<^j^^ iijS^- f^f J^jfr* J-*^ tAjrfUt c5j-j j^J (I j .*jJaJl AicSiL 

.«^ J ^J-I c^ A*i%> ^f infrared J^jt* 1*1**! t^>ty *jJah j**- c*^ 
.4— xJaJi ^Jp J idj-JJ jv^fj UllL y-^i jib Johann Ritter jtj JU«j Jij 

. Urkraft cJ\/jj^\ ^ tl^ut 3*b-lj 3jS Jj ^ j«j 01 jSj: 

uJte*-> *,\j*}~\ cJ- hUify} J-ijvA Ajb\y tJusTi jp ^j tji tf 1801 fU- J 
J <^j uT ajW*^* o^UJi ^ »+Jd\ frjj? jju 2L*iji ^lp J**p of 4J j^ ij 

dJ ft OjJ Jj«y d^- c^Uailt Jbjji^* ^ *jja)l jyb dib A5Ulji J*>U- jjj Jap**} 

<JJaJl JljJf jj» OjJ J& j^af jJ UJ jlkuJ j£) c J^jfrfc A>^i SilPj jwj jj 
tci— JaJl J^a OjJ JT JUP 3j1jJ-\ ^UJ JjU J^lj tA-Jla-a A3j*J J^jfiA Oijk^- jjTj 
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^ „^LJt Oj_Ul jj_ jau <#>■ J t A-4iJ* ^j^ S^U Oj) ja Jju il&U ^*ty c^Ul 

J 4*a fill JL-ijjiT 5^\ C illiai ^y-f 43 jj £&ji jjj f \S t tP'jS* J 1 ^ J^ J 

j, Pj li^Li 3x» f j-jL 43jjll Od^li t-^B^iJl JjJUl iaj?- ad* SJllali 5ikdl 

iOiJ.1 i^J j « ^!pj aJ J\ j£ U (IpU-^1) 0\£ t^ijll frjjai) SSjjJl dJU* J>j* ^ 

\ 4 JLlx$*1 ^S AiTtiJl ^^ ^ ultraviolet 1&l*Jl^\ Jjji 4*-$>ty jsjj ci^fl 

.frl^J-l C** 4*-S^1 JJ.jUfc <ut>1^ 
fri^J-l C-* kJfcty jULU Jby ^ j^Jl jl^r J**s~j t^Lflj^a JpUL» ^ y 
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Anesthesia 




^^ jujl*J> SjU^l Oji Jl^j UT t J^l>» oUUjJt ^ 4uuU *l>ty ^jsrj Oji 

r _fe ow J%^ ^5— >> ^ dUUlij jliJlj ui>!j ^1 j* jjft&l jiOrfJl A 
.ytjt j* iS ^ t aUpf at*- Oifit J-Hj* OLLp JjOhJj ^jlaJ J l^> 4~kJl 

.J$\ J! UJ Uj*>b Jk^ sJaJi <y» i-JUri 



<«<^ 



-^i f\j*j\» ^ a^j*^ JaIJi j* anesthesia jj^xJi ^ j£fc* 



ill ^pa-Jj ^ Jij) Oliver Wendell Holmes >j* Jj^j yUjf «^ ^j 

*j ^ ui> t Jb* a*t ^ .f 1846 fi* dJij (^ j**« *&y»^ U*!i ^S^u 
^U j*jll **> Ujtf ^tJUOl Oj~~*)l *l>ty Jjtj J& .jc*J\ <-W JJ jiOAsH 
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.^aUp^ if u*a*tfJ rjjb-\ J UjUaw djL^jj gwlTj^Jl t$1jjf <^j*-££ 

jeJLjwlJ ^jL-^l j_* 4_Jlkil ^ j^p ^*bll Ojill frUU j* JftU ^jLf 
OlT Humphry Davy ^b <£ji£ <^ ibj£S\ \±* p#* o*-t j«~*j ^ t djaJ-i 

Sir Young Simpson Oj~ — **~*> £>j* jb-Jl ^jLdbj^L»)fi oJjJi v^-Js? OlS* 

L^» Utj-j (city C*£ fJjijJjJ^J^ j*JUll ^^iaiaJl j* 4alad £fiy CJlS* £~*-) jUll 
f! — P (^J- jTij pUsAt <£\ frljJJU 4JU*u*>t cJ£ (I .(•-$-* J OjAa* ^blbj (*£&*£ ^ 

.iM&f ff U lii^j j^toJ- Queen Victoria bjjsSLi &li *dt> ,y f 1838 

J * j k _ h» i ja Jjt Crawford Long j*jJ ^jjSj 1 ^ U^- jj^- V^j* s~JaJi OiT 

(It ^L_f ^tf)i jujtj (Ij ^btJu 4JUJ1 cJU&i tJ s#i jub c^ James Venable 
.4s3j J dii 4^-bi jp 0**p^i a* <Udfc jjjJ «J1& (I j& .fcJi 

jjjj Ala^*^ Horace Wells ^Jbj ^^j* Oli-»St ^lyr J«^ uy»^ ^*^ 

cL«y-U t/Lo jUll <JJj! 4it Oj tJg^lji-l 4jLL*P ^O^-J j!lU 4jjiJWJt ^l SOJUL 

jj^a-J- frL-ft^t ^0 j LJ L^ i ^i-^ 'j^ 1 -*'^ .^* 4>° r J*^ J*J Ot^*^^ '^y t^*^ 

.(tfel* ^^5 ^ 4P^- ^1 *U»ji j-JLlj oUlkft J^- Ija^-j Ji^\ ja iJUnll 

oU^I ULtOar W ^1 j^^ 4>° j^ T ^^ s-*^ J^f t(fl845) fi« Uo*j 
William Morton &j—3jy f L-Jj Wjsrf ^Ji 4JUJ1 o^ !iUdj .^jl^Ji ajIj03 
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v»jL-^j Humphry Davy ^b ^j*? t£>U?t (lull fli f 1801 f l* Of* jtf 

4 lb- Jlsj i4A**P OldU^ual £-4* Au Jb^j OjlA\ ^Jbdl Jttll iJLft ^ ^fljb ^J^ 

j? db^Ja-Ji j* ipljl *}[ iiji If^ipi r Ij-WVj AkjJU JUljsil jj*JiJl ^ S^s* UJbu 

«JU ^ ^ latl Ja^jJl OljSi ^j .</*lj*"l J^ J AjjiJ^cJt ^l/SU aJUjuuU 

biting the » toUJi ijJLf ^ SjUJl Ju*s-»1 ^j*u ilUujl* JjLo^ 
4_jJ3 flJMa — j! Ci~- ^Jl fbty Jl «4-*U>^ll jiaP» jl **«bullet 

.Syir\ OL-il t>>toj Oj^ jfcaJt h*& ^fUv*\ Jl 



9 
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Atoms 

fl802cili£Viai 



^jft^ 



t$js~dJ iJLa ^ MJrt £j*JU 5-^yJl frUUJ* a^UjJ bt*s* SjJJl c^jP j* JjJb Oj^- 

ScfcLSLtfYI Cl» *U* c-2uS 

Leucippus t/j^ ^ t/jt^jJ o* J^ j*j=*l ^^ J* 5 ^^ ^jtis J 
Jj Silli c~aiJ 4J^L»J Democritus of Abdera ^*u5 ^ <jrKA^j of Miletus 
afow ^ >*t ^y Jl <M? j& ^ ^JJi ftjJUi dUi J^ tilbti .>^U j*w?5 jJai 

J jj* Oj>jj Ul tJjLJt lAjlJU cr ii SjJJl &i] jJjJj jsLM J-*«u*»l .«5jJiJl» jf 

3iL^» Ji_^j) « wP fl — ;p» jf element &*) Ju*s*->t ^ Jjf Ul& <oj1jW Oljkjfj 
l^L. \& hjaj J& Lv» t Jb- l>\ JLp t J-gjJl IJLa JT OlT .c>Li^r*iJt &0*- L'L^ 
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Aiji^f! j*— ^ u ^-^ J* **0^ f 1766 fl* John Dalton Ojalb Oj^ Jj 
^■ft 3 L <j*^ iff 3 " (*^ «y ^j* .*o\*-*ty APUr j* iwj^ aJL'Ip ia^»j UJj 

j P jijlif i y^fisS i Jbrt iJLft J OjfcSS" CjU?L£J ^JLij <yL*iiJl £*£b j«Jl c 3jjf ill 

.Sjjlxw <Lt£ 7V&J dJbJb*- Objki djjJb jtyaS JS* jWaS .t£^' 

£j*JU U15 f j&j 4<5U^ ^^! j^ <--*"U> «0jT Ojsib Cw^ £ii u OlPj-i 

O^pUJJI ^iL-P JJ j_Jrl Otjl_P 2UjA ^ <uUsAl J^ tf 1801 flP J.^^JWt 
. Jldrl ii4 (iJaH «tt£ <erj> UBlP *L**&J 4^jbTj 4Jj> 4^5» Jj£ £)t dj* cAJL^Jl 

:\j\yr \Jb \jj£ 1 a^LjI aIL^o ^Uf *Uk«&1 *W1p j^ JiSjJ j& .aJJju j^p alj*j 

Oljjf Ojl 54 .j-A* J^l ^L-^l jH"*A"' *-*j-^» Ma^ 2^y ^^ ^ij^ j! Jj^jU 

u^. 9- 3h^m i hft&j v— ^ ^j^ ^W^^ f d ^ <^^ OjJb wu^»f A^itjjdt ja flP 

I iLj c. ssaJJ 4JL1S j^P a5J^ ciU^^r j^ u&j* J&& JT oL Ojxlb Jpj&\ 

aJU« — ^1 ^ — Pj -VW*^ OUS*^ JdJ^J ij^ j-^llP J^ U*>LL» ^a Jb*S ^\ ub 



Jp bs-^L^-i ^1625 »Ip ijdUii j ^ji £jj*r 1^ — -i a-siL-jj^ #J ^ Quakers s^bw^i apUt * 
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^— ju \ gJfi ^g .frf Ail 111 t oU~JH oJLft uw?jl «3jJUl» AfijUJl aJji^)/I iU&t 

iL-^Vl ^ t?^ j& IJLAj tAAAkw ^a* ^ Silit Olji £* Of OjJb ^jbl 
ifefc-^l *->j^j j* 4A3jydl VL^Jl oLSV^il JjLiJ tf y-ty j-^UJl j* \£\j& £* 
\ — *£ .<L_J 4_Jj&t j^bdl j* ^pflifr J& OljiH ^ jJcy ^ btf bJLP c*Ty> JS* 
<-r ^J *LJLti tJ ,/i ■* J^J OljJUl ja j& iJLP Jif j* 0j&? OUT^U Ob £uu-»fj 
l ^rjjJL_ ! i1 OljJLJ LJ^i i~^ J^ t>J^J Ja***f ^* H2O Aju^? Of lilt H4O2 

j — ^>bJl tJJb* J*uJ (jM..„H,0) My Oj*J J***** 1 J* Jj* ^J^ ^ 

C la£ Of C— \J U jT tjjiJl ^ O^sJb OtiU^f 1j Ct^ai *UUJl js*1 .A3jyJLl 

Oj^— s&J j* uilkfj ij^jjJLil *J^ ls* *j3 jA-^f :**2LojjJb JpUia* ^ — ^ 

>jJ1jjJi 8ji { g^ Aji.jJaJl J Oji j\Ti U? .U*-lj OjJj^j Jj*- jjJb O^-lj «' 
J — 5 J -^Ja 5 92 j UjJj^ 92 — * 3y^ 51 j? Jj^ jj-b Ujjs&J 92 
.fcuiaJt J y- J&to Uflrj? Of Oji Uj^ j£\ Olji 



V 



if * 
SybjJi Jj ^ JlT d yU^i Jj jy Uj t «y Ji* Ubij \Sjj( ^jJi Syfej jJ 4J Uj aid 

^ <* t * 

4— -^jj ^1995 fL-* frUfcty ^ jjjB ^13 ctiiij ja uip 150 -ui ."^ji? ^u 01 ytt\ liA ^sf 
.4--jjP 5— bjai ji-^JU ^^Up £*j£ I^Jp ^3b- OjsJb ^ 2LU* ^ i^ ^ *#JJ^^ ^U-i 
V tdeuteroanopia Ujiij^ ^Oj Oljftl ^»p ^ L--J jjU ^^» JjsJli ^U>J ijAJS^li 



100 



EleGtrochemical Bonding 
? 1806uaUuS¥l2tiu, 






ijSi cii^i ^1800 f^ J u( .ouj^^i - yu^ fcj*^ ou^ af^uii 

Sj fall 0_ja^ ilp(j US^AJb^t tL^JU ddOJ-l J&-I ^bb <JUsfl ^ssil 

. Ja*J\ If^tj ObjL^Jl li*iU j^ hJJ ^\ **A&\j aJU^I O^UslJ A~U*)1 

KOi^fr 9 J) Ji^***" iXr^* «-iL£*sTl J iJlfc «W4-1 <Uj^Afl jd» <<A»b iUs**»l ^Jt^b 

jr j«l^ JijojT J^U SiiUir f 1778 f^ Humphry Davy ^b gr>? *dj 
|JUJb J*J&-\ a*Usa1 jaaJ j^Jj .^fJL^ jt ^l^ ^ ^ JuJbj cL-^Jl jJj ll .<uui 

^jo^ ^Uj? jj-Jj ^jlii ^Va^Ii J^ j* ^y- ^.^ ^ f 1798 f^ J 
^^ — oj»^ g£ £~f cj^-Sl* 4^-al jc£ J dUij Jjs-hijo J**1J Thomas Beddoes 
IX_ tow f 1799 flP oljUJt J^ t^J .iJL^Jl a~JU)1 <u*1y*f ^Ui J iilko hj^ 
J-i u**>1 of Jl^d .l^3U^iuU ^ ijjll jjJt OlSjlnil oifc ^ya^iJ ii^b Jjaif <jL» 
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I, — p-jj .^IC — « yuij of Oji djJb cJ- a) Jip j^ ^15 ti«*» t y-T ^yj jUil J*>*u*>t 
«X^_Tjf jl p ^^—IJ <^f ii-. 45 jllaalll Jiai cJaJl <^ **! 6 J^ J ^ ^r^" 

dj_ Li dJL* 4JL*- ^ of ^j tO^jSii x~*£j\ JIS jlp ^Lp <-*b U"jr UT 

^ fl*b JjlL-J cUJ^s U-***j ^Jj* |»h'fl 4JLpj*j .>LJ\ jUll IJUb (jL^antb U.o,^-j» 
.*U^ut9j djj^ JjAij iJUi Jiuj tAAdrft tibial j Ji^f J& djuS* (jbjjP J-Ua 

;L_»jtkJi Alessandro Volta Uji jyuuJl ^Uatf i £^l 4^1799 ft* J 
iiJU* ^b ^Jf f 1803 ft* Jj .jlUil J OUi^l jw? <y> ^.j^ jW J J* <i>*^fj 

4 ?rjSj* A^rifl ./» 1 10 > ^jj* J!A*p (*0^) VsJji -*J** *b*i ^J^si **JLfcP t->jj 

. jjTt SyS jAji JPyi 

jj*-j J^ iiis^ Oibw u^ii .objlkJl ^Ip ojbrJl Jl <uUj*I Jjt ^b Jj?- 
-(^..^Ij-J-lj tlltf) ULsxil Jjtj—Jt j* UjIa* bOPj jjijjs^J^l £UflJ (^^ill 

.4jjlkJl Jajj ^^J ^jJt j* ^>-^» ^Jr^ 1 ^-^ ^ b ^^ (»1805 ft* J 

i£j—±\ O^ApU? d>j*^ Ja*-^ * .^\^ jV *J*J* J-^* VW ^^ *iUi ^ 

d>jj_9- u»-j cjiS* (^^ jM) ^j^M ^ ^y* j*^ .^y-f obj^£)t ^Ip 

,4JUJ3l o^lisll Vbj^Jl AxJaJU «U$3 fjb L* j*j AJU^f O^ApUj 

<^1 ^Vl1 J*>U bj3 Ub^S* tjU ^b jy» cf 1806 ftp kpxiJl 4-*>Jj* -^ J 
J— *Jb *Ail OUjj^- cJj£ Jid .<#!fc-Sjtyj Ui^JJ^ 1 : ^ Ut^ 1 ui3^ ^J^ 1 ^^J 

45_JL^Jl j e\j*i\ dSJs J* 5jJi!l te\jj£$\ djdii Of oIju Ur t^j^J* jtJ 1 

4^b^ 4-^u> Oli Oj— Si Of J l *i VW*^ 1 j-^^J^^ OL <^b ga^u*»l ^VsJbj 

4 ,fU,Ql j ^IjSli .^L_^Jl h\fpi 4~oL*H\ 4*JJl ^li UAsTt Ji! 

bjSj U*^d iUjAS IJqj J iSj^T jfts*" £>1*b-b ^^1^ IJLA OlS'j .U \Pji V^j^ 

.4JL^Jl j-^*J^'j ^^ijJr' 

j*j 5iU JT J^U y-^i ijj^Ji ^ V^^ oijU ijy c^if ^Ip ^b ob 
?Jba ^> j a 250— * 3^jj>» iJjJo? hj&v 3j03 o^ 4^1807 fl* Jj .tj^J I^Ip 
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\jufi ;» J-^ad caustic potash hj&\ (ilui^t) ^UjJl 5^U ^l* ^bdlj dbjJl 
jf potassium «L_ r*fc c^jj-^£)*i» cs— ** *— 'J^ 7 <-^ i^ u V**^ J* 5 -^ 1J ^^ 
^^5 Ji3 .Uajl Sodium *fjt*j+pi\ J&* ^b J^ai ^^j UJboj .<<f j~*»tijJl» 

.££*$* Ji^^ Jtj*** ^U*^ J p-J^dl ABLi^Tl 

0JL_Pl3 g» ji jAH\ *~*£^ ^Jk* jk-. ^UU ^aJ^ ZA+ti\3 .^kJl \^ 



■ c*w? 400—! JU3» 
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The Existence of Molecules 

? 1811l^L1^VI 




" • 



Si^&ttt 2£Uf &** JaLSi^V* Ioa JUu liU 
J_ ^J J*->lAi adUi ^ oUejA-ii 4wr flip J& 4^u-^i Lilt oiyh cjiT lit 

II Uj^ ^1 Aljll j£i .^a* jfl ^L^l Su^jJlj 3*&y\ J* >p^I js»H ( 5 J^ 
4— *JaJl jft„, dT JL-j9- fAj-^»? tf Jala-* J *ULdl 01& .aLo&j* j-^Up ja Oj£sJ 

£_•£ a*JJ A-jjf ^ £• djUJl ^ kU oOL^ frt^^ frU-UU ^c" ^ cOl^ji-i 
frj.ft til j— fcJij Ajj-iajJl frU^U S^LSlI jjlil j* jj^lf jif (Jti^Tl jvpt .aljll 

.iL^Jl frL^Jl jijIaJj OljUJl ^Ijfl LpL-p! dUiS'j 

Amedeo j^L-Tjif jU_^ ^uJi ^UH ila*ty Olf ^1811 ft* £*o J 
jfy-^fip ot*U*Ji jiji^J* til jiaJ^ U^*** <u-* J LJbr (Up 35) Avogadro 
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jAj jjilS'jif jj~*£jji\ J^fi J f ji J^ 0^-i£ VJlt djjJ^J 4-> OlS* .iJlki^l 
.^l ^J\jpt <y *1 Jb U J& (*p*a:j (H^^-J ^^^ (**f^ <^L 

^t_*J3lj Oj— sib L^r-^Vt ^V*^ ^yjf^ UUj &j>JA\ OLu OlS* 
g^jjXii oiji ^UU Uji» JS' 4i f IS 4>^J Gay-Lussac iSUjJ-^lp ^^ 
jj ^» ld£l JfrjjA*b\ jlP Oiji j* j^Jl jijxJ 0t» \*«&j\j .ftdl ^uoJ ut^-^J^J 
oJL-Jb Ol OjxJb iP^i .till j\£ jte j* OUJt tMjsl Oj£j <j t *~*S'jVl Ol j3 j* Jb-lj 
US' .Jc^^Tj^l j* OJb-tj Sjij u£*"Jj*Lit J* OtO^ J* uAja frill 0l C~3 *0*^ 

iJ^-Jl c^yi jlp l$\ ja \j*~\j \j& Of Mj&&\ ••** ^^k 4*^ J* i5UjJ -^Ip Ip^j 

.Asij^T jP Jad\ Jaio 4 y-T jlp ^f ja Jb-ljJl jslJ OljJUl j* 4Jli 

4 4_J Sftlji Jjf jja j&j .frL**S3l Ja»- J jt-T 3U) a>Uj: Ob^ijjJl OtiU oap 

A r\j « jp-jjJui>\ ja Ja-^Jb jj^db tejf- fjb iSUjJ -t£lPj OjsJb j* J& 

Jai3 ^ J^ %& i^i\ Of VI 0^' J* $& ^ Lfjl~> U jaj 4t ^^rj^t j* 

j—d oi] <_*-& coijJUi j* 4jii *o*!i jUli j* jal JS3 01S" jii .till jUft jiP j* 

?frlll jUft jlP j* Jaii jijs) JAJSJ Of jUll j* Oljd 45^ d^jll OljJUl j^Jr 

5j\ ju «5ji» 4 ftiT ^JLs— m»I jJ tiU .Ua^l j>juJI %jcuuI iSUj) -c^^j OjsJtJLi 

a^Uaj JiaJi ^ Mo*! **^ <^*J -molecule «^jr» UT jj^^jif ^jf 

4 fllT< oV^l*» S-ij^y ^Jb j? .«4lajljslt £j\jj}\ j>» A*^cJl» iJLft ci-^jJ -jUll J 

g^jja_il ja oyji ^Ip till jlS ja hjjPr J^ Oja^l jJ f ijp^Sjty ja ^ji 
gyrjjJL-ii j* ^J JT 0\d iOUjUJl OllUll lP^ US' - ^^t^Tj^l j>» 5jb-lj 5jij 



105 



uLi. & c f J— ' <^ J* y W^ 4^ frlj^-J jf jL»M ArfjJ? j*i j^P ^J IJl^A 
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Electromagnetism 
fl820L&LJJSVt2Lu^ 






J iO^JU h; -.toll JjLJl jft v*J?L*ll jP lJ^ju U JT Olf tf 1820 ft* JJ 

L-jj^ 14 && ^ £j\j&\ ja \ajs>j J--jJi c^Tj oifc^tj j*JtJi oli# jp 

.4-**JpLjuj^£J1 IJLa ( Jp ly* ^ >U.-Jtt jjjlj t<L»jJl UjU^-j tauLo^j 

cjI— Jl ^_9j iS^Ull tft*- irf j* j^l frjJri f 1820 fl* tiLi^Tl i* JLi] 
L--» Jbuj UT .,^UaS1 JJ^J d**Jl 5I^A f U JtjM Jji» 0*iU»-*i! <UPtj*A* J^ 

Andre *jt- *f 4 ijJLif J\ 1a\ L..*J?Uuj 7 ^1i JJb- J aaIUp *U1p JU*f ^j^-jJ 

.Michael Faraday *4 ! $bt jl* J^jUj Ampere 

J f j-JUIi ^y .f 1777 fU* ^jUloil oj^ Hans Oersted ^jj? jiU oij 

l£*L jaX— 3 tig**. 4«Ja)f t^jSJ ^ ^"J* "Mi tA^ <^* *&*\ Ji ^ c£^ 



gjL-Ji j^udt Jj^-1 ay jw^jj Uji\5 ^j c^y ^ujj j ^bj :<f 1836-1775) j*>\ <£> 4*>u( * 

.(*->Al -*e-b «j**%> i/V^&l jU( ^U» aa^j c-C . J^» J^- ^j^\ Silkit ^L-Jt 

>uli j ^^^Uwj^i cJ-i U^T( t^jJf! ^.jj j ^W :(f 1867-1791) <£b»jii J&> * 

.4— i»ji JUJl ^jjb j u/^f jja^l jJUJl t/^ji* f^* 9 °J?*i • 4jr '^ <0'j^Jl» 4**Jl 30^- j cJj. .frL»-!S3l 
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£_-£■ 14 jj*> 4ijk at£^ A-a^Jl mj^- j/ <(f 1813 J) ^j^ sP Jp s~a* J^ 

Jjfj 4 — ijUaJl bJjd ci^l tf 1800 flP J UO*j ,dJu*i is>j\ j* dOijall AilUlj 
j^-Jj 4a-J«J» ^tUlt Jjj*pI ftU^I C****tt c^IUJU ^JUj^Jl jUU j^-o bbj? 

-f 1820 j 1800 ^Ip c# frb^i jp UlsS* Oj^-j ajli 

Ll^t j* j£*y j, J& Jjj> 4ijl3Ul f jiull J^lTf C/1,/1* f 1777 j 1776 ^Ip 

.jbo* j* op-T j* jlj tf 1808 flp jbjuJ* ^ ^aJJi ^JWi ^ti j/ .ja* ^ 

j*\ &J&- U*lp Adji-^ o*4 J^ AJj^>^ ^^aL JLs-»jjf Otf' tf 1820 ftp j^j J 
j__* UU* fU( JA>cy lt*sO ls*^* ^t-* 5 ^ Jj? - *JaP ^U*Tb s\*r Jutii . JtJbJU 

J5_p- J ^Jti\ IJL4 u^^AkJl as^luI ,*Uai ^ dlLJt J^U Ubj^ IjU? JLi-»jjf jy» 
.CJ\/jjH\ Ji o^l 5j5Jl ojLa ^brjj a]jU iljfj Uf tl^ijiU ft ij-JjUidI S^^i 

dLL» JtA^ jUJi ^^^p tv^kult 6jt*i\ cJ-j u-ii^j Jji dLLJ^ *Ls-»jji JA 
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J j— *■ ^b j£-S*> Jj c4 »£■»..» J?jla>- ^Ip djiJi dJU J*x? ^ d^ . ^JjJ l^U»j 
jU-siJ 2UUU-1 i)*>L^ *1JbJ *^r j* O^s^jjf v=& .^\^l jW^ J*tf-1 ^UUl 

tf> 5jLp ^ «^WiJi jiJJt» jf Aurora borealis tSLij^ia <pLi»> ^--^ 
Ajj^tili 4~**-iJl C*Ua~Jrl jillaJji ^03 ti>JL£ A^-JpUwj^T OjAll? ^Lfc^ 

jf Aurora australis \ ^ > — ?j cj^* s-^ 1 Jj*" *j-^ 0* 4*rj*&\ J\^J\ 
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First Dinosaur Fossil 

fl824,_3Liu£VliLu, 






JlT oUljJ-lj ottUl j* JilAl 4kJ& (lUJl ili (*UJU!l j) ^Lrfl ( Jbu jPjdl 

j^ Ul£ aaI** £*l£ >p-j J^ OU^ Jjl ciU^T^l Ua jL o3 ,<j>\*H\ <y 5 j^ Ji 
liDJL-f l>Lj^ Jj( JlTj t U Ujj ^j^l cJl*- - <Mh 1*>jaA\j -*SiJ&\ oUljJ-t 

4_Jb^J jL-fiH fj— ^ UOfi^J fL^SU *L*U 5ji3 4j\££ wiUaf^l liA Olf 

SJ&LtlSYI (lift *U> ljuS 

ip U J^ Robert Plot OjL o^jj iSj^f-^ j& <f 1677 flp J .1*^4* Sjl*- 
\_*~j .f j*JJl J1S1 ja J>\J?H\ ^fld J^Lp jj^bo! iAill ^ Sjli UIp 220 Jt* 
UAjy» t J^*P ijli 3j5^cw ^r^- liL ^P^f UJLP 4jL?- J 5^ujIj 3^-ij OjL <Ja?- 



I^lj tULiJ j IgsjjA £-»- ^ tiiTJUJl 5tJ~i jui\jJj (jovtll JUJl ja paleontology tfb-)!! J^ * 
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■ *g A ^JLJl pl824 pi* jrJ- *-JL» jj-^p Stkj c*£ JjA\ rj-£j b*-£»j JIS* 

.JIaj^u-Ij SjlJisr j* *Jj-£Jl iJLft 

sr -4o I « v»W' J** (JJ^ 1 fJ^ JUp <-*"^ cM Wp 50) f 1809 flP J 
.1— ijJbi^H ts^j"* ^J?^. crO* 5 J Gideon Mantell J*U £>jjJL* t^j-lf^M 

j? Ojtutf 3 ilj£ Marry Ann cM ^jU <torjj c^li cU Ujj oL^y Jb-*i tfbj J^ 

ojL-a Of bu*?tj aiT.dd? IfJjsr *Uif 1$JLp OjSp a^ytf! 0L-»ty ^ iu*> aJ o*l*- 
oij—*- ^V i$s*-»l* j^jW u jj£Ji ^ i^Jj wi^p^i aJ^V ay? oj*£i i)U-»V 

!t)ij j^u-Jl j* 8jlp j£k> ^J3 4j:jJ t)L-»*Sfl3 .^jjjj-ll j-^*J* Jl 

V>^» CJ\T l^Jj t J-rfU 1$Jp jSw ^i Sju^ll f libit Jjt p tfaJl dJLft jSj (I 
Charles Cuvier 4_*»jf jJjl_i j^iJi ^yii ^^kJi ^ulf Jj IaJL^U . jlTUu 

oJL-a <ll djjiJ j^Jbj "Uljfcl Oijs^ t)L-»f pi 822 ft* J-siU tffj Of ^Uflj 
*3U>J .Up j^ «!*i JJ I^JLp ^p ^i dHJ J**ty jJ? S^iwall *A~*Jl ^b £>Lu-ty 
^aS Jb-lj 0»jJ- Adl^aTb J-sJU Ip^ t^jll dUi J IgJlP j£P ^1 tfj*ty fUaJl Jj 
t(i — itjAj^t OU-jf £• a;U-»( a>Uj JJ 3jU»i) «cJ>uijP)M» iguanodon oU^S J*>Up 

.pi 824 ftp AdtiaTi y^i Jj ^jUj 

a_juI£ j>-3jjJi tWilliam Buckland aj^jj ? Uj 0\T cUli Sjadi j!)U 

^JLJi 4;li *;f jL-tffl) J%p £4i J^b*l &*i pltp Sjlpj db ^»iap caJ^Ti <.pl822 
.(aJp ^jk}\ Oji jSJj UIp 150 JJ OjJb o^jjj aaJ^I 

Z-JTf j.^j tJlj-J^l ^JUJ 0\T j^-jJ* »i* til plibJl oJLa ^ ju^jj ^Jb* 
oL-Cti tci— ^^jjJ^ S-JJUJ 4_»Uul O-j^jj jt_M?jf plkull v-fy jaj .pj^ilJt 



.j^jsll - ^j^ 1 J ^J**-* J J^i* ^i^ ^J ,uil J 1 '^* J^J 1 ^ ^ btJl J^ lT^ J» ** 
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a—i^l 5-Jiill j* i&JLa Dinosaur jj^^J 5J^ jiijjla <$iUi** 



9 
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Ice Ages 



( 


►1SJ/ L^Li^ 


VlJiiu, 


-j^^Lm^tf,* 




■ "■; > • ^Hb^-,\. - ^^js^;'^* 


. • /^J'7^^''^^-%' , ??*WS^".''- v: > '^B^W^S*^ •%;-/* -WWJHJ^' * ' 




Ijtsms Ag£ 


s^ ; >*^^i«*^5at i( >. 



frW 01 Jl ci^jSi y J^ j*J Oji Cjtf jpjH\ £U c)L guJi *JV^j *UUJt ££• 

0— ^i (I U*J^* r^ * U W* ^^^ J 1 ^ k)j* c?^ ^^ J* JJ^ >*»^ ^jj 
.jjdt LjbSt jfrjty f jfu j-^lfcf o^rjl JUsS^I IJU .Jfti <Op j* U^ 

jlkJl SauIjj tfjta 4JIJL* «^UU Jj^*j llP Jjf j--rflpf j&uj US* .j*^ j* *^J^ 
1 s^rjJjJrt J 5*- r Issi^ j^S^Jb >*»^f J-** ji"*U* Ail .oJb.br ]*jia? *UjIj ^oJ 

.fty Ujf jT j^jb ^p &jJm u^ki 5 JiMj 

^ ♦ •• 

a—JjT j — ft jiSl LiUiLa U^jJj^ 4^ Louis Agassiz jr*&* j^jl -^ VlUaJ 
y-ijL ^j^ij^ <uk>jj: ^Jty Ju*r J LaSLJi tf*ij*- j* £jU( J*>^ .Uubr lib^t 

jl^&I 3— #"j*t ybUail Jj^ VUj^flJl y^l J* JUJL*Jt j^lpf Ja^ 4 f 1820 flP 
JUijJl jU^l ^jlP Ujwwa J-SJ 4,»JLU-t ji^ll CJlT ttyoJ .\j~±y* OUij J 2*0*14-) 
ju_*Ji JH\ Obij Uf .OtpjU 4^tk-^ OUJ ij^-jj -U ^^" J^ J& CJ\T ^II 
JLJ 4_jJLJLIri j\J>H\ dl JjS* %U jJJ jki .V Jy- J^A ^ UJb CJl^B iiJkJUUt 
^^_J\ s ^_Jb A^JLUr^ jliS^ t)U dj^f Of dJ U ^ iOLOjJl oJUb J ^*uJ? J^ CJj& 
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*il d- *£ IgJi *f J 3a,hp Sjyw? dJUPlj JL^^r ^-Oj^ *^ OtOjll dJLA ^a *UUll 

<jj_Jl jj*wdl Ci>j OUijJl O^ UUj 4 Jj^-Jt ^111 J j^S*J Jjktj jjTf CJlT 

.UUJ J aS*>Up ^*^r C~l»jj SjjflwJl OUijJl <^b^ ^~*»^ 
.4-^kijli aJwj^Ji ojj^i jkUij 1^1 j^ipf ^u tf 1830 fijpt Ji»jf J 

.l^li-if *lp ujy J^-^ i^^r i3*>U* d^hr Syr j £• OtOjl) hjsn*al\ OljOA-1 

4_JlSoj Jl_>*ty OUo J-ju ^ AjiiJbr jUS jjt <f\ Js> jn jl «U&J dj^dij^ 

^^j *ii tjeofij f»js^» JT I^Jp j«Hi UJ*- Jj J** j? tf 1835 flp J .oui^t 

3jt_flJ\ <_^Ui . j^Ull ^j^ J^ ^ ^r* S? *W*P kxJbr jtft Sllafe CJlT Ujji 01 

• j^ c^J J* ^* u&E ^Ull ja US* tdj-^b- jp ^j^ J^-^ u& g 

.U Ujjf Ujjl 5jl5 claP (fill 2UB02)1 SjJLU-1 jlATll ^A^ai ^p^ OU*Ap j^ <u1p ^Jj^w 

J s- dShj cA-3rl lull J <^jJjJrt ia^j! 1 ^ iipUflJlT j^^p «Ju^f 1 Jji 

^ J^lj JJUW ^JuJLa JT ^ Of JjU d^U ^^ j^-u jl ,f 1837 f^ U d^ 
j*_*»*A£ wUi di cAJlXjll AjUU 4-PjJ tjkjj .OUjU^- Aj^laj (,-jPOJ LjUlLI OUlJl 

<^j— *J j—^3j . J6)Lj1I ^^j^rj cJij 4j-UUrt jj-tf*ii J-*- 4^-jJ j^^t ^j 
S-- — -» ^j— ^ Milutin Milankovich J~ij--&%fi um^ J^-^jJ 1 ^^>^ 
^s-J* ^Aj *ij ^jJu ^ jpfi\ jt^» ou ^bf ofl .f 1920 ?\* dihj i\$jj** 

j— iftj ^jL_kj j— iS*t 4jjT ^ o^^ ^^ ^^ J^! '^Jj^J Ot^ 1 S-S^ AaiTU 



JJiL jju\ *ijA Jj oj^ju £* Jfiji* Jt-Jf Ujl»S .4iw 40000 U*^ Sjjju 8jiOiui 

a— i^kJi flJL-A i Adi frUlp oTf oij .iaJUrt j^a*J^ cjo*- t^LiJl J ^j^uJi j* 

.f 2005 j 2003 ^ c# \j*)a oj^f 

J*» <J* ^^ ^J V^ oH^ cjl^ ^^ *«* £^ ^ J* ^J^ t?^M*' 
^6 Up poS 500 ^1j4 jat f*A\ ^-» c^j^-^ J«r tf hu*\J\ ^JlJUM 



o 



^\ l^J,\ JL>jj6\ £\jJ\ jlka <Jj&\ *tj*u*aJlj ijj*Jl Sjjji-i 4^5, cJlT iSiOJUrl jj-*nJt J*^ * 



(2t2Uat| oUL^j) lj(jjllJ( 

Calories (Units of Energy) 

fl843cJ>LitfV! 




Sjlj-J-lj ^j— Jlj tb^ij ^iSLU JiuiJi Jeji AJlSUl tfih bl Jjj«ll j* 

Jb JU> i£ti\ aJU* f^k? jl j£l .dj^Uit UU&j LjIpU* jjjkf J JJIa j£jL> 5iyill 

.Ja*3 flP 200 JJ &* A*\ 

(J.m t<1 c^JJl) aUJl Jai*- OjiUl 4m-»U^I 5>^l Jjr ciLi^l 0*j US' .\jbjj*t> 

.Sjl^-I l$L»lji J&* jijkJ dJJ^j (UlP 40 *U* 

ailp ia-jj James Joule Jj*- ^^jr UJ ^1818 flp rtljj -up a-JUp bjl^ 

A — Pji j__* j^\ *^0« Jjj£ 4Jl£*J J CJlT «UdlJ j^lP- Jj^- lj-£j3 4*gj» Jji 
\_*T ttflUl jiU*»j jfl&l ^-jAi .dl.LT »U*- jftTty tj'Xrt&t £jjl Jj c^jbtJl 
jjj—o ^J_J aJ^t^ 1 d*>Uty j*~J ila^^ 43ljj SJU^flfll SUaH OljLJ ^j^j 

Ms^ jP ^j^ f^ idti Ajul2l\ 2J\jj^S\ 43lkJl jlJLia u-»U*- i-^L Jjflr j*A 
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£_J\ U\jj^i\ OU*UflJl i\yr ^J ^J 4^Ldl ioliM CJ\^ U tj£& 4 4jjbi fri^J 

^ ^i ^.jfo £>N j! ,/**■* £-** Jo* J ^ C^e (I <^ j ^^ j* ^^" ^^ 

.y-^ f jj j* Silkll Jjj£ - c^y-f 2LlLya Jl AAUyl C^dl <->jb>Jl AAA 

^ 5jiy~1 Obj kJaJl ^jd ^Jr *W syry. j*S <u*^ ^^ W* ^J^ ^ 

.JiVkll £ljit cAls* j*t& ot-J- ^juiaJlj AJl^Ji Aju^ai\ 

8L-J-I ^tf .Jo»j^ 5i^ <i! J-S^ilCJtl AJUall Jjj£ 2L.lj^ Jl 4*U*1 Jj* c- 1 * 
j^i—il frt-Jj JLp oijLa^l j^ UJLi <jf& ?*3tfaJ Oo*- c^JJl U toil . jiyJJ 

^ Ailjk^i J>b Jj frljil rc-^J fl3 UbOjy .till 3j^ ^13 f *U *i ^j^ fr ljAb 

OU-j^ f j^ 1 ^^ j J^ 1 0l * 3 1 * 11 ^J^ S— ^ • J J* 22 j! JaiUJl J>*j 
v^L^i OJL*J dlJi Olf Ja j&j iijiy-l jJUflj Of JbV frtjil ia*-*> J S^bjJl aJLa 
LJlkJl cJji aiJ t(t ju .frUU Sjly- J C-jU^ ibrji 0,285 IajOS Sibj Jj*- ^-^ 

lPt&\ & -^ J «Jyil£l jij^ **-** <j*>J^ J^ 1 "* f*-^^ J* ,,iJLp J**- 1 ' f * ftl ° 
<ftUi dlJi J-a^ J^i .3jl^ J) Upr ^iSUt o^Jrl iJLa Jj«i 01 

jt^>Vl jLsPbj .till JOj JJUJl JjJjU Jj^- JUna-il U± l~*j» grtaJl j^? (I 
J_fid ,4jU 4^j 5jI^ Jl Jj^y uf4&l\ X&\ Of 4Jjf-H Jj*r ^^ cj^f ^^ , 

.aSo^ ^y^i: JjLJi j^t-» 

.Sjij j-\ ja ~&\&j> our jt ami ji£*f ^ j^y o^vu of j^ ^f 

uL^ ^yi hj\jl*\ 43llall A-miIJ OtO^j l$J lu.jar.ft ^1843 fl^ flJUb A^ubi jjtj 
flj-^n OjUjcu**— j frL_u^lj frt— (jsiiJl frUJU-j ^ jJl silJi JU»j .dUb" ^ilS^i! ^Ull 

uf . Jj£-i ^lult iJufc ^b u^j -«o*ij^» j joules Ujir'fj ^bu^ J oia*-jJi 
<U— ^ - «3yuJ\» jf calorie ^x iLju so^j JUjc^i OjUaiJ 4«.u^^H ^UU. 

,*ij^ 4,18 cSjUj 5a^l j 5y^ JT 
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£-Jtj)l J ^_ft 4jJLpty uJp J* hjs^l\ £j\j*~J\ b\ z^Uujla <jpt£» 
LaS* lit Sy-Jt ^j^J .5yu*» 1000 t£jL*i OtJb-j t£? cOtyuj jLSV 
.5Jb-lj Arfji-^ fcrji t&\ tf> J*-\j f\j* 5j^ fcrjJ aijJ 5^j^J* 43lkJl 

cip-t ju dbf ^ju ijL^s cU^Up jiji J^- flyu*. 3,500 cij^f jl* 
(dUjij 5JJ> yT^H jejUJl ^ t Jb* *j ^ .(^0,45) \J*-\j !Akj oaii ^Ubj 

.4pUi J 5yu- 1000 j* jftTt iijl U ij^U 



9 
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Conservation of Energy 
P1847lW£2*¥i: 




CJ\iUaT*il *J*f j* 10^-lj JJuj SSlkJl Jai*- ?V ^pjj 43} .dUjL**»j Jjjll ^j^J 
J^-ij j^i .frU3r a*Ja)i J JijAjsr j*S^ij f*H\ fjull aJp jJUajj Jj 4A>l5 fjUt J 
.4_^bxit aikJl £\yH &\£\ Jj^Jl ^ £^J A)\J*\ l$L.bp J Jjty OjiloJl 
1JL_a (-iu^^ olo^l«llj oLkIjJI (illJ £J3r jJj^JLft Ojd OUjJb XX*- Ujup Ub- 

^ L_p ytlL ^ia-^jjj J Hermann von Helmholtz jxJj£*La Oj3 OUjfrA Jj 
iS -J* J^- cSj-^p JLoUJl jaw .v-^aJUi djlf jfi ilfc JuT J ^j*yj if 1821 
C*-J\T .<_ *jjl\ jiJrl J 2*o£-1 j* fljpf 5j^p g.l*I cJaJl i-i^jJ Vj^" *^J 
oJj_j SjuUt Jl JJ~* ^ u ^ *f ^! i^ 1 LftJj* •***» J S-^ 1 M"*^ **"»b* 

o%,ft til J-*p Ot» -ULjJ <^Jd U£ Ua^ jsJj^JLa Ju iAjj^LjJl 4^0*- J*>U 



19 



IjOj 0!A.ft til j_-P 4*i£dl 6j2l\ g& JJ*5 4Jl£»] C-S* cM jaJjfJLA iljt 

J_$JH Jai*- fjLC Tu-ilj OUI 4jOJ t)^& ciJli dU^a JtA^-j \«hjJ-\ lj&\» hjti jP 
(wJbJU d\ Jj^ ^ ^Uaj jt U Ol£» jj» jL Of Oji j* j*J Of j& J*P *i! ) AiUaJij 

4_Jlt Jj 5 JLo..-<ll 45lkJl Jij«I J-43? ci-^j frUJ J*>U ja dilij 4a*ui? 4JUjJ 
. J*i Jt 0%4*U AJUjJlJt Oljufcll Jj>j£j (JiuiJlj AT>t) *-*>■ 

jf jft*.— ll lf^*J AilkJl {JyS Jj>j£ 4^*lji J Jjjb £jj ^ b\£ j£ Ojy-Tj Ajj\^ 

.{*&> ^jl^) ^ ^ u** £> cM 

J ^j-JLi Ig — ^Jj typ jt Oj-* ji Sjl^p- Jj Jj^cJ 0( j& ,»Jbt £-4? *l! aSUJi oL 

^lj 43lkll JaiJ- 4j»UJ| Aj^kJt O-jI 03 IJUfc 4i*P jL fl847 fl* j=!jf4f* ^' 
tdjlj— ^- t*j-£ Af ^f teb iAJL^S Adit t^L-J^LJw cfrb^T) Ail - J tf P ijjl ^jru U*fc 



120 



Jai*- ^uty f jjiLl if Ua JT j* ^l .Jujjdl lilUi *JUuTl ^ Up ^yli li* 

,*o*sPij <J^T» ji-SMaJi 

L-iijj* jy^Jl jl^iflfl f jfil 43U?1 *MaJ» J^^ k*» *^j>^ Jptf>> ^^^^ 

<il_S* Oj S3^ j— * <il£* cs? J *i^ j* J^r'js^j J*j u ^ oO (t . j 

^» £*L>j jU j* Jjsrfs U £**^ -j^l^ jl^^l ^jJb- ^Jl] \A*r\jLA |p 

mUi ^ iUiTj t (iiT <itf^ <^f jtW J jf (^ c^f ju JLp *j»j^ 



Ut» rjjliJLuT <up Jli .f 1851 fl* ophthalmoscope c#A\ j^ apI^i jsIjfJ-A j* cJy> * 

.^jsii - «jjj«*u jjyi ^jlh j*du i 
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Doppler Effect 

fl848J»L2u^Vr 







- -.■:■ »■■ - ..- .; 



^ Ip di UIl * lp J AJlfa&l *JbULl *Jfclj <j£jS( j* jLji (Syblfc) jjfc j&u 

6d— P &£&£ \jJjl3 CJ\j^j f jf aS^p- olf I j APj-*» ^LdJ frUUU C-^JT* JLOd . J^b)Ji 
c3L£_*Ti Jl il3j Jkjjl dJUJLi f j^Jlj Ol^l ^^ dli UT tUj-^Ji OljiJl j* 

4_cr*i oil *T iJLil iJLa JuucujI .Oj&J ufuA-AM ^j^h j*^^ ^^j *^*i* «illi 

.jp—ss-T Lu> ^\ aJ a~jU Ui3 jSlijj A^^LJi JjSJ-1 <y j&\ J £>j**J* j* JUUlJ 

^L^. Christian Doppler ^ji OU-j^T jpaIi jjjli ^jU^Jl J^i OlS* 
L-jf <u*Ab ^ U* L>lS atf 4if Uijf .«#« *^«-J ^J -£*l&* oU*>bJ1 |JUL 

4 4 4 

^LjT U$* iljf AiV M^J ifrtj-* -^ J^ J-*** 1 J Aj1j*Uj (*AjJ^ ^J* Ja*~** jltf 
4 i^Uajj j^jjjdl J J^aJl g^ OJbJli .A~m>JLAj A~£bj ^JbUa j* «uLu t)lT U J& 

jS)j .*y>* ja £j\~Jid\j oUjJjJi J atf UJ^p ^1830j 1820 fijpf J^A>- 

.fl838^5iJbtdi 

jj1_£ (^-JIp SjiUll oIjILa!) cjIT 4j-^p £*AJl OyJl <y dJUl J*Jl j*\jl 
OljLJaiJi dJLA CjIT.^jL-mJI Ju m J\ J*P Jl JPjsJ ofjb J3 APL*t/*iL» 30 AP^ 
5 — IjjA ja ^j^> JUsJ*i|l ljJL$Ai /j US* 4JJ ^ ^jUJI UJL^iu jl AJj-^ *j*^ J-Utf 
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C < Ufljf *jJaJl Obfj* j^ ja J dj^ij Jlkj j* v*»j 4^1843 flP Jj .1$*u- » j jjJl 

4 ^ j^Uo— ll *j-fc-Jlj Oj^aJl aay JJ& jt Ojjj ^~*£-1 aTy if tali* 2U\p 4*^ 

j-LJjjJIj i\jtj~\ Ak~4$\ s,\jj i r * r J\ j* Jj*dl lJUb i)l taj t jTU cJljl i-~Jb 
*f j /" j 1 A. ■ <j£j^* dlfb jjOj c£jJl *fjdi ) OJLjJI l^fjsJl fj*Jl ^P j^UflJl s-jJaU 

l*j * j*Uflu-> A3^ <Uju jjJu c^JUi y-^1 ftjsll Uf .Jjjty alflj ^Ijj -tajJ J^f 

.Q>ty dlfb ^Iju -tajj Jif 

4J jJU J^Li-j JjjJallj AJj-^ OJbrjll iutf ciljll ot£b aTj^tdl fl~srty aTj*- 

Jj dllif ta .Q>ty j^ -J3? 3jJ a3jJj ii^f AJj^ *•**) V*J^ J* la ti*< ^y 

.*U*ij 4JUj dj^rf e-^js-J *il d~£ jiwaJi j* JlT ^ bjJ*}h 
SJIJLl l^k sj-iaJl <Ujw»j *id .4»jlai OLjV <£Jb*sIi Jtfj* J <Uij jJbji ^j 
iJUaw 4sj^IaJ ^r^J 5 ^1 (J^ -)^ • ^^^ ^ S? uLi-l Sj^rfj Obj^JJl LL\i 

<Jj*Ji ^u cJLkj jiU J c&Ahj^* u^ 9 ^y t^j cf 1845 f^ Sj^iJi <Ujf J 

^ Ipf 4 <J6 :j*.h*~\\ yJL«i£\ ^J3r obUT aJp c**^f U OlTj .+#& \as\xu\ f 

. jlkiJl J ijT^^lt (t^%»3 aJp Jjp bf JJLi £pf ^ JJi 



— i5l.l \j* UmJI 4jjji>ljv») j* 'frj^r CJlS* d*-?- t(Ul>- v*JLlill Ajj^-3T) W*?*^ *^ Jl V*j * 

123 



Oi — dull j^jL-ju Aa^JU t*b Jii .oUitJl ci^-t 0mmcu*%4J bt-^lj JlT t 4L£b 

«» * * *, 
.L^lJ \^-j£ *$>*£* <j£*?Jl Ifrifru £* iyliJlj aT^JJ 

lJLJ> 43bsPl ObJJU ^^JUJl £*afcl 4i JlT cij J fl853 fl* Jjsi .AJL?- J UUal 



5yblb Ol^ jLj^ Ob-bjjl ^ ^UsP^I f t^L^la <£jLa»> 
j+& Ja*J\ Ig.ftt.l V*Jb 4^TU» Ua *.»»■».., J I Obi3 cO^ill J 4a*pj |p 

.Ji .fr^lt jo ,,ft h£\ *> Cj*U li( +*j ^ JjuJ UUijS £j£ 0? OJUbUJ tbfc t^y 

. £->js? gpi Iao^-j ^ (I4 j^uM Oj^Ji) k#udli 
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Germ Theory 

fl856u»L5tfVI 




tju*U 



^■"•'^^ 



$<^4^rfi ^m (>— u»uj£Yi cu jutj »mx 

ji*y p*JA\j <j£*3 f bf Oj*aP J X*Jjj jp+£ aJ oUty ol^ii^ CJlf j*j J 
ti j_Jip 0L-& .t— *j* ^rj^ yMlj j*Ul v*^" ^JO-** ^ o^ 1 ^^ cdju^aS lj& J 
.^1 jt ^ JL-jjj OlS* c-JU-t Of lilt l^jU-\ Aj\j^ ^J J~m Of dUfr^Jl 

\Jljuj Ulj^ 0l£» JS* J «^-J AJLfo Aj^4# OUlS* iJUA OL jjs-iib ^j) C~tf f 
ij-^f Jl ^L-iJaJl Jj£ frljj U AiJjJl OLA&1 OJUb CJtT AiJ .i-J-1 US"jl*U jP 
^jj-Jrl J^L^- OU^I ( ^-^r (j^ ^\ Uli cJtf' Jj tAsJTj ^ja% ill* kbk 
4ijkJb «.brj hji£\ 1^^ ^ j~**\i ai-i^fl .<JjJ*l\j j^jl^ a! u.^wJ OLLaJIj 
^-jfcj -5ja-Jl iJUjJ 4Pl^b UaJ JJ-1 f J3j UT t Jfi\jA^i pj\Jr\ ^^j iL'lilt 

j* CftftWij *^ J Louis Pasteur j~*\j ^jJ Ot^ tf 1865 pi* <Jij* J 

JJ&Z±\ </*^ £r*^ 'J**^ ^J^ 1 4 S-JUlt OjjJtJJ jiXtS <tl Iu»> £»1j Jj dj** 

.4-*Uw1 jUf U iJlaj ^'L*-£)l ij\Jd\ 

Felix *u — fcj* ^rA?-^ J* 1 — S* -f^ 1 J** J V^ 1 **— ** 4i>4*Jt S^U-U 1&*A\ 
oJufc JjJJi Jl 4J jpoj ^lia ojJ jJtJ Ji tAPj^tl oAA t^-^7 51 ^J^*^* tPouchet 
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Ol j*UJt 4iU*S*1 Of ij .l$J j> *i 5jU> 4*k5 *j£ <u*jj iJlio jcpU j^U Uf 
J*>U U>b 5^j* (iilJUT \jjc£J\ J* jJk^f UT yUiM jf) 2*^1 M-» OlJ\S3l 
Of 4— i^t oi_Jl£il oJLi ^5j^ aJU^- c JLJi j*£ JJUp -J v--Jt cjju ^uJu j - 

.IgJ* ^JUcj AJj^tiA O^U ^ lAjjiP 
J ^L^3 3J-» Obj^^il JbrjJ Jft cUijf . JoJrl jj* J Oldl 0*^j-> I^Ua OlT 

,«•? >- jT <<L3 ^j^-jll frljii f*4***J *-*'A*J j^yw l^"^"3 *r*J*^ 03^*^ Jr^^i f^ 

^rjUi-1 ^L* '* is—** £»** Of Jb *ii *1jAl J Objj^y* if 0t> jcu»>b £S§1 

.^iJLit jJjJi aJUp c^»' 

J^rjJ C(% _w .J ?-^j (^Jj Jlj-Jl c^srf oil .J>Ull j* aJu* ijJ^t c~* Uuj 

J J<ntt It j— kill ^g-Jfi J-**- UT) l$**f Jb- jJl&Sj frljil J 4^1 Otfl&l 

W*jA\ \jj£J\ Of oUV h^A jc~*\j JLp OlT .-^l pi) Jlj-Jl jji Ob- 0^1 j 

.Lib JJljrf *i 

oipijjs -»^i j__c ^^*^ J aJUjc^j oiT jjt^ oy J vj&t jr^j ^j^-tj .^^^ 
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1* # 

.Uli OJljs? ^ Oil UjS^Jld .OlT <£>£* y <£t Ja*-*>^ Of Oy ^jU»f Sjtf Soij Ujj 
i^L-Lb *1jil J 4aJU)1 aJU?^I Ujc^Jl JUflJl OjJLB .atj« J Ula* <uij* OlT 

.^y ?JJ > bjj* 320 Ailj* J*< Jjdl jLfll .JLflj^ JiUi*. O 
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The Theory of Evolution 

fl858J>Li*VI 






t_* ^j UIp 150 jejjb otfLS^ ^p ^L .^o^l 5iJlj ftL^Si ^ J ^aS»j 
.AJtjJ-lj AJLJl 5LJ-1 jjlaJj ^jlsi frUJUJl ^ aUL.! jSLii cJlj 

d — Up Oj_ I*- <£_Jl jLJdty j-u. ^^a* ^ ^OP ^ ^jjb IjjIoJ C^j Ail 
£lj_jtyj £jj_6U >JJ (**-*shj £-»»jl» jUsrtfl o^lij c5jV^!j L*j)j*jjtfty 
J^-^-^l OIj-ju ^^ j^i Aj^IaJl OJU* Ojtff ^ J .j^jSl jJaw ^ 4iji\ili 

tg top^j l$=Jf ^i iwJaJi ijJUJi ouUi ^ ^ i^? J ci^ U? ^i tl^jUli j 
fciy^-i Jai JljJ ^j «uW JIp Uu^ X^l <uT cJlT .faniii L* 150 ^ y J* 



SjUl ObjkJl jiff j» jc*5 JljJ *} SijkJl dJLft Of *tft iiyj* jjiasJl Aj^kj OlSLftaJl c3»j=*t ^j * 
j—Soly 0l—»- jj.ii...ijU tiiUili t£j*Ul ^jJjfcl ^j OLJ J* OtfLjUJi Jlytf-1 s-br . Ju^dJ 
Jbb^l a^U yj, Uap ^U Oti^tiJt ^ jp ^ 0**p?i Ju- J dU3 j 2008/9/16 fj* i^-tilj 
0i ^- -*j JLJ j ^2009 f L^p j* ^-jU/jiiT ^ Ujj J jjjjb 4j>J 150 — H <s/tib 

*ss^-J' **J^ J* J 1 *^ 1 ^>i ^ OlS^tiJl Of ^Ulj Jtf j& .«Uji AJliJ £^ jStf |l ttiJ-l 
dJLou* 2u£* pjlsil Off j CJljUsP*Slt *JU5 Sj& ^P t^*^' *^ 0t*i ^J» *$jh ljLja« tiiLJl 
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cUaIT ^^ f 1827 J &#>& **»^r Charles Darwin jtjjs jJjUJ J*o 

^yuJij ajdt j**j t fi83i fip ^ .oUi ^j L*-j)jJri a*-^ J; jy <u& 

Jj l^ilf I ^ oyii ^l HMS Beagle J** j»\ f\ Jti lyu ju ^Ip j&: Jar 
dUJLj ajLp- Jljb jijj^ v^*^ -cr^ ^j^ ^"^ 4>» J*?^ *^j cojlc 

J—iJJ b ^J <(ftfUJ 5 je>r) jijjl* K>0 ^ jj*-* ^-J^ ^ ijj|j^ Jjf J 

j) 0j~. J-1 j&iUflP ^ UoJ^r f^\y\ huj Jerj US* -Jfifo oLi^l JU- Olii JaJl 

dj A C ilT j &j .(1 »jjt jk>b» v^Jlpt J JbrljJl hc^\j iSjup IjJ^fi jjJp ,-* 

.Ujjf J Ifwj^P Ob jP JSliJl AAL2tf jib. j^UaJi 

Jjty (Xr^J J viLJij (^^a^ 3j*j*) ^jpU^uJi jj*- «UB JaJi cJL*j 

J^a-Jj OLjJ fjj ^ jTJLi ijj ^ c^lja^l Ja>- JLp cUA .f 1835 flP j* (j>J=^) 

£*\ i 4_-jPjL o*jUli *jfi IJ&* jijj^ £*j cJ^-LJi J* f ji JS* *bUS* j 

.AijS' ^^^p Sj^lj \*t*jA \jf*0 j^Uaj> djPld ^^p hf%*p oULiJ 4ij^ C^jsPii 
oj i c^ylU ^^wJt o\mI ja i\}j*ij Sjj-^5 ^-i> oUij oj^Xa ^^1 cJlT 

i5\ — Jfc .jjJaJi IjJp (^cJ j^-^5 &\z~j ^ jejjb jiP c^tjll Xfrtl\ lift ^»tj 
Jjbi jib: tOj-J-i j&iU^ 4>* j-^ ^^ j j j** ^^ ^j^ 1 ^rj ^S <-<r**d\ «fr^r 
j— 4 j^^^J .c^j^^' jjJH J UljJai j^ dbP <Up Cj^j U Jio U\J 3jlJb-»l jiTfj 

.SjjwaJi frij^J-t cjjJi j\£ Js> cj\& cjiT lit cIJLa JS" 
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OU A J *i\ u^j J-l bj~J~\ jiUflP Ji"tj tAkj^Jl A^rj ^ y-T Ol£a ^1 J 

JS" jl*- ill JL ^^ai" ^1 a~~j&\ jt-JUsit Jj^ jijjb ^ J Jpjsj dJLiJl Lb 
IPjj l)L «,a-»l JLid .j^Jtu b\ djSj 1$~Lp JL^-Ijsj ^1 AijAl ^ aJ-1 OUjI&I j* f jj 

j^Uaa v-^J cr^^ 1 ^s^ 4 J-&*f jM (^Ji^) Cj&cS c jj£-1 «Ji^ o# «lyl 
A Naturalist's Voyage on the M^ J d ^ AjUa?-^ jijj^ j^ -*~A\ \$\& 

,«J*Jl jlo J^ 4*Jo jlU- 4Jb-j» jf Beagle 

j_* Sjj-iJt obus^JlJ £)U£ t)lfui^i £j*jf ^Jij Thomas Malthus ^jslu 
jf I— i?jjaj iPj^- Oj£ CJtS* cit^^l TjJI^iJli c^Ulall j* ife^ ^ £^I j* ^j** 
^ip pj^ill lift jLkjb jijjb ja\ ,l)jJLju tjitS* Jaid ^a s-^jS^t tOlPljJl tl^ 

.(jJU^U *li!l) dJJif JljJ-l (IU- 

.^aglaH obtJ^t oltfMj t JLaU Jwafll Olwai Uuj Ojjla? jS iJ^ £jj^ £?* 

j-Z—jj ciJLjJ Ojj>-T Aiu-b frUlP 4jc3I t)t Jl c^Ull ij\Ji AJb^lai jP ciJ^il JU?- 

cj^ — pt cujL^Ji tJ — 4 .«^j_ »S» J^b> j? Ozgm 0/ Species j^^* ^ 

.VrjJjJl ^y*U U-ljy jjkJl jP Aw^laij jijjb OliL^Tl 
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Atomic Light Signatures 






^JL^-T Jj£ A-ii» JUjc-jU (^ 1860 flP ^jijs-JU UJb) Ij-AiP Ojj-i^ ciJ^I 

f j-^*J ^L*J3l t~-S^t JbJ^ j* dUUIl frUi* Cu£* ^1 Ub 4~aJ1 ^j .flO^-tj 

^^uU U 4jjJUt cM>dl *-gji? fi-bjsflJi frULJ C^t^j UT .4JjJall tjftuJi £y£A£ U*UJ 

4Pj~J jjb UL^ j* OO^ ^13 **-<^ £*&*J cfrjb^flllj Ojlj^t JlJjS? ^-5r^ ^lj 

J I* <£-Jlj t0jjj>j <$yrj$ <Jtic^l t^^UaJl jij-^ 1 J4* V) J~ufeft «JL» U 

5jl_jj3 c *^J (j^jVtd -Uajf tsy-ty f »j*Vl J j^jVl JLp d^jflrjll j^bJl ij^-j 
J j— ^ J^ J tULJl J3 j* ^jjj JSLio Ugyfr J-*jcu*Jj US* .0jS3l J ULa-S* 

.*L*Pj1j 4JbjJj (LjfjJj^j jjA \*ijjb /»JUJl 

Joseph >jij*> Jbjjflp yllV» ^^UJ» <Ju^t f 1814 f Ip JL^» 
ci. .All ob^sJl £j£ J jU^w J^Jij £-£j *i ^^^iJl 43ll? oL Fraunhofer 

U — » J 4__*w jiuJi O^-j .4^?l^ £>\SSj JUP 4J\1? OIjj^j J J&&2 Jj i^Vj-^Jl 
.UlP 40 fb Ob J S^iJl C~*J iJL/f ij 0*-f Oyu jl UiJ ctiUaTVt 
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l_JUjJ (^1824 f<— * j ajljlt) Gustav Kirchhoff Jy-jjS" Jls-y* OlT 

q**^ JLtei^ Jl»Att* J^ .ftJlSf A~*> aJjIp jjl^CJ *i( i jtl<J-\j hjJ-\j UaA» UJJj) 
.ji — *>ju 4__*»t£ AJb^&l OljUl ^Ip Ajjtf ^jp-jf jTj tj-lP £->lJl c^iJl j^ 
\ — y^asf- h***} t{ 1858 flP j^T jj~*bjj> £• a-^Ul^M ^jb 1 - ^jj-i^ J a!*p *U$fj 
c^L_i» J J_tUT <iu_^ 4-jfclji jTJLj cc^JUl jP gJtdl ^jJaJ» <_iJaJl J aSI^ 

jiJLJl ^jll JjkJtj ^djatt ^ j*-*> £& ^^ S-4^ Vj^ J ^^^ ^ *J-^ 

rAJj^ ilij ^ Jjl> o^ a) o^k^j jfclkJl lift j* c£j*^ W^ 9 ^J^J? j** 
Jjb) UL Ajj&t *tj*-Sl Jj lfu*»lja Jbjj aJj-£ A* J*- AjI J^oiJ tjj-S>^» f Jbxi*»! ji tiU 
*t Jp jru r^lj US' AjjAll Vrbrjll obw»^il j* aJUL» J*A^ ja l$Jl JJb^Jl *Lp 

^b .jjjli ydty ^V^ 1 ^Robert Bunsen Ojjjj o^jj Jl Jiai £rth Ujp* 
4Jjja)i tU^ Ojijto (t-ia^ J UIp 47 ^*Ji j* £JUt J*jl» U* JlT ^ 1858 flp 
Jj .A_JjJ:l j^bJl jP j^UJl tj*ial\ i-iljJb ^^asfc cJJLJl (JW^ -(j& jLv+^ jjiyi^ 
frj Ji J J jUJlj $.ljil ,LL* aJ ps* oiljll j^ tJUJUr Ipj; Ojij) j>^l caJUp jpy* 

.^j^aJl ^ \j*r JJ5 ^» (C^U^ irji 2700 j* J^t) JjUU 
t y \ir W^r Wiy^j .^jfrJJUa ajwU: 0^-jJi j^odi 0( ^1859 fte J *i»J^- 

c3L-Jx» JjI ^L-^j | >- j o-^ — 5 J j$ — itf h — ^ L^a — Ij tOjij — * J&ja p> dtj&jS' 
ijjd\ J^ £ aJUa-^Ji r iU-Jl Jj^ Ijl^r jcau c^ilij t^jrjl^ J (uil^Pjj^^) 

.AJUoAill ObijsJl j^» ci-t Jj jj&y Ala*-ljj *^-Ull 
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A-ij 4-^l>- Obiy jP SjtP) lJJai\ Jpjki^l aJjJb- AU*t Ojij*j ^J^J^ fjb 

2_-j3r oji a—iji jCij j-^yJi i)ii <J^u ^JJij a^iJah JpjkiM j* 4jii «£jj=Jt» 



* ^ w » 



.y-T *-3jjiM i v\-^' S-^>° <^ j' JiJi^b '^rij^ 1 u^^' Sr-^J 5 
jlj+&& uiLi^T^ U^dUa* Ojijjj <J)y-j£ J*jcu*»! t3Liuj^ ^L^^ ^_^^ 

4-Jjj ^£_w aj^ p-iV* Uub 1jl»M) ^1860 fVP fji>Jl :U? t^»r (| ) 
-f 1861 ft A ^jjJUj^IIj (tJLkll J 4~A OjJ Ji U$i* 5jUJ cfrU-Jt iff 



uJLi sTl 4__i»y t/*-^' t* 5 ^* t^^ 3 ^ 1 ^ *»' Jli .i^-jil A^-jjj *& &£ ^Jj** ^yj£ ^ * 

£-J\ dJLJUJl L^» :Oljil t$Jb-l j 4lLi «4j j^ ^' ju^Jl t^Wt tJj-iJl iJUb AA\Jj l^Li 
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Electromagnetic Radiation\ Radio Waves 



;j:- : ^ ! ; I . .James CJ<a^^ ^M^<>^^ 



$&&*!\ te\X\ Cyv± JftUuSVf 1^ JU^ I^U 

* frj^altj 4.j^J?Ujdij lJ\jj£S\ d\ ^Ull JUixPl tJ J*P A^Ull Jjill *iaju Jljk 

.^^^^J^Ljwj^JI £UJM jp Jl&tf -tfli fr^l bu£ Jtf lib Jjj-i'U <Jusf » 

Ojl-J&M iJjl - *j— & ^^-Jl S*)ty 4k-*Jt C/^Uil JLAaflj t ( sr J?Uwj^i 

Ot_j Jjj^_Tla ui^s^l cO*!bUil oii djl^sj! ^^w J^j .^-J?Uilj ^jb^$£jt 

.Ul£ 4*£tj 

cil_^f f .udsSL-b djO^i J f 1831 fip James Clerk d^ ^^u^r oJj 

& j as j iJjf-. * l^ 9 ^" 1 djlj-iuo ^^iu^-jr j-i .Maxwell Jjj-^U l-*aJ UJby 4JiUll 

5JLl-J Obrji J^- UJbw jb- f tOL^b^Jl J di^A JU- ^U?b-j ^Jljll J^-f \JdSsA 

.Jul*—?- 0*^L_*» J^AjS- j* - Oj£jl j - jlUJl Jjj-i'U ^Aks^l <-Kf&\i£ J 

di ft 01 * C-lJ OL-^b^Jl Juuu^li t4*l»jll <U-jIj^ S\jfi JjtT J^-j CJlib- JjU? 
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£jj$>\ J& .AjjIp S\ja £>j& d\ j& *i US* lZA+p L^ljlt d^J 0? j& *i CAiU-1 
O if tt)jS{ UJbo .li UP *i SjJu* aJU? JilM ^ &J> 0j& tM Jb *i Ut AJ^ibw 

A_**ljOJ i u ^ A*rjsJl A£~>\j* gJbu C^t^i^ad .aT^-I Ajuj~J1 AjjUJl jjlLGl aT^ 

.31*51 aryj ij\j^\ ^ 43*>uj\ 

.^bijii J&li i/tj&\ J*«rf» obU A*b. Jl Jj>~fU J^ ^ i860 f^ J j 

<* ^ ** s* 

<Ji f 1864 J J^js* .^J] J-^J* **** J^ ^^J u^*^ H^>^ j^ 1 tJ^-Jpbidlj 
1 g "«,.V»J ^- JpUaIIj ,Jb^£!l Jii-I iJjL*i Jw>jJ Ak^ot 0*}bbw £jf (ibis-it 

AJU^Sl 0L ijij^^ £j*\ -Oil tjJj j£j^ OtfaJy AdlkJi ^ Ote^l OiJu* 

electromagnetic «i cf cJb-ij ^lt> J~J Obils* Oiju* a!?U*j LP A-^JeUilij 

3j « JjS AjiiLiiS'ij o*sbUli oJu* j-ij vlj .«A tf >,.J?Ujuj w ^ii AdliaJ!» j( energy 

*l i £—i\ l^-ij ^*jSi o*iiUll ojla ^w ^yJ ^^js^ 1 (^j tf 1864 f\* && 






-l 



ujJbJL* llU? Ait *Ufc SOjJbr iijfc- Jl J-^jSj AJ*iJiljw J (JU?xJb Jjj-^U 

a * 3j_JjdJ A-^jbljuj^^ll AilUl obr^» 0^ 4«J\T Jlp ssj% ^JUj^Jl ja^all 

HP 

.aj^I^Ji obrji* *yrj> b* Jj^ '*i* *^^ 
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J — 4 J Satf Of iL ,kbUj^S3l ot^-jil diA j& ^Ji iPj-Jt Jjj^U ^13 

^a U sj^aJi Ob d^l La j* .(^JlJLtfj) sj-aJt 4P^ OIL*?- J-iad^l i*lk* lAJL^-jd 

JlJU£ frj^- ij# jA f,j*£l\ dii JbJL^- j* Jjj***fU iJjit cOlT i^y ^t aJL^$£J1 

J — 3 ^ ^1895 fl* **~-Jt Aiti^l c.ftA?^ sJjuJUj .ciJaJt j* <^M frijsrf j*-*> 
<^— *f cftj — pf 4_JUi* ciUaT'sH iJL» JJj .Wilhelm Roentgen j**j fJL$ii 
4_Jl&») ju?U Jjj-~Tu o*)bU* *j*s> J^ ojlf Heinrich Hertz j>ja do.j~» 

SjUa* JUaJ*Al JLdl lh^\ Ol dJUUJl frUip gsa-it t^Loj^ JpUi*. 
t JL-p- 4j( ^ .hji*\J\ ol*jll JUjcu-U ^* y-T ^ dULi J LTi 

«frUbj*a lt»j (3JUs£ aJLjj UjLsPb) «5jU»^» £# J^^ U &i^ Oljjfj-^jS* ^^Ip 
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Heredity 




•Si! (f>2003 ft—* %_X) ^y^Jl f^rl lj& dli j DNA — !l j oUj^ rjj £)lj 



Qja» ■/» j^jl 5 »h^ U^-jJ CJIS" tjjJLJl jfjt«A*- Uljj t^*-^"^ 5jj-^ .^jU*i.ft.-Jl Oj^ 

Gregor J^ ** jj— fc/- <-*^ ^^ v** 1 ^ ^j~ ^j-SjJ ^ jij^J *^* **"A 

oii ^ Ji hj\ hAS i<j*£ t c4JtjjJi jp <ujbi l$i ^^ jf**£ l^Lftjc^j Mendel 

.A^^^Ji «.*i(jlJi ouy j* aJ ^j* ^U ^jj o3 o^l OIS* t f 1865 flP 
Oj^ j&j tSjs^ jjkJi f^A* £**j? Of jdjj^ jJjUj c^jJbi^ft (lull J~*» JJi 

.t£j-^fj 5jsi <ju ^j-2** j£ij 5t*i ^$1* y-ty j4*Jtj t J-jt JS* J j^ij l^Jaju 

.<U*»jJb 01 Jj-w ^tjf U OliJb lift 
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OUUi JA \JL0 gzj\i cOj^fiS <Jj^ £f tyj? VSljU OttlJ J* aJ^Lj JjL* O^ 

• ii^ 1 J^"Vt ^-*i j-aiJ^ aa*^ COjIp ^ .Sj^aiJl jaaUm aJbjklt 

cr* J^ (^ J^a^ *lj*2w*- tSy^ £• *ly-^ ^jL* OttU j^tft cdi^kJl ^^jb j 
yfcl! JJH J *»jja^1 ja aid £• *1yuo!l jj» IJtf J^ Jl^*- <l£j .frIyUaJl OtfUl 
j£)j j-a^-Sli OjUl dip J& .JaS *ljja*- - *l^i* OlAJ ^ J-*£ Ot Jji t4jj*a£ 
t^y-f j-a *LJU *^jU OtiU <Uj-# ^JLJ Uli gjldl JU £ .li^U?J g^JU jl ObL^Jt 

*yb c^JjJaJi 4*^ JS* J <tfb JsuJl J*L* J&rj tJ**jJl jj» fljpf te-*> ^iJLwl j^Ip 
Stf./? ll) V*-sil Ai^aJl 3^^ £jf JT ^ So^lj AsJ JL2J c-ilT ybJi JJrl ^Ji .14 

0^1 oi Ji j * (tijj* jf) ii-^ JS* j* ^-^ cJjij? kj JT oL Jju» |»ip 

.(ilijfc ^«-3r t *lji* ^^s^) W^ SoJLJl w^all Jjty JJrl 

is bbj aJL^-I Jo^ jTii l^lidl JJrl J £j*b* U U*....JWjJ Afttf j£) j 

i •!) ylili JJrl j^ OLi J OLL^aJl jj» aJLs* oUaJL^ £jf 0^lj3 Ol^b OJ? *k~w 

U—;^ tOlkii-t dJLft jja i% fc ^ .(^1 jt o^l 4sJ jj» JT j^» A tJ ?t^ jt 5JJU AA-p 
Jj .4— Jp oLJl JjSL-» U ^l£ ^1 ^j cji^l J^ So^lj oJJU U+p J*r\jx3 £)f 
OUUi? ijsrj t£>*» ^^ ^^ jJ "uij^^ 1 ^ u^ 9 V*^ 1 JiiflJl- iaid dJ**\j ikbi- 

v^Jp J dUij cdilO^l jja Lw JT Jj oU OUL^aJl j^9 ^a£ 'Jl iUP ^3La .U OU 
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^1 V** 0* J& J* t^M Jjlw IfrJfcj ^\ Z+&jA\ hX$ 4~JUlt 1>J1\ Jtj* jl 

Hugo de V> ^ >j* <^j^ j*j ^ f <j* T ^ J^ ^ ^j <? 1900 fi* 

.Vries 

4_**Jl l_*f .goM jjjil 4j1jjJJ JJL* fjQAA sJUtf (^LdJ^ <Jpl-A>, 

£j\j cjc — * it <y-T c^b i^iol d\& Dolly the Sheep ^j* 
J 5jl_*-1j ajS\j a^uu b*>U ^ oolj UOiP f 1997 pi* UJp 




4dLi^T( oilpl iOUjjll f^ii 4^-ljsSu tijP c?jJ^a oli ^llp :(fl935-1848) ^ tp j*>* * 
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Deep- Sea Life 

fl870ciLiaSVl: 




(JUsTl ^ J^Jl tJUh ^& c2UmL1 oUa-il JUpf J *j*Jt oLP ^j .t$i ^LjJl 
O-tf j^-j Jj t*j*a)l oUw ^r'j=3 01 j& otJM Ob c~tf JUS .ip^uwj Sy-lj 5U>- 
<J^_^J ^T uy pJUIl jlkwl ^j) f*>UaJl aflb* JUpI J L* Of If^j: ottUl Of 

.(^Sj-fcJl *Ul j^ i*j^ ottUt 14 ^^ ^1 SjL&I 

3 JJjll l— JjJl Ol_LkJl ^ 43jjaII 5JaJ:l StJ-l ij*b- 0j~w»j$ *JUsTl lit 
frlj^rj .ZJL*jA\ CJ\k^Ji iLjp 4-rflji Jjf jj U£* tk^UJl JUp^I Jj olkj^JLl 
.f 1877 ftp bjjsSLd &J11 ^ V»jy^ f^j 0j^»jJ JO t 45\iUsri ^ 

J^UwJU £di Jb^i J f 1830 ftp Charles Thomson O^jS jJjLsj Jj 

d^xJl a_Jjjt £y ails* c^U* J*-5» t4-it*Ur1 4-*>1jjJl j^ 6i\#j\ Jm .^JlJb^^l 
L&ll U&l J oLJl ^ »jj-Jj^ j^ UXiP f 1867 ftp ^ c^Urt ^jJdlj 

.IjU^U jLi J f^*U 

4is^aJl UUll olLUl J S^jsr^. 5LM Of iltJLiT OL-a* 4*&-Ij jkil OlT 
j y J oLli ^ fj] 300-250 ^ j*pf Jl iila ^ ^l Of dtfc oik^i 

1 .StJM 4**flP t*j*aJl iCJLP jbt-^ 4jt££ ijQp AjLvA\ OIaJq.11 Uf .Jx^l Ob'U 
fLJ 4f 1866 fU- Jj'ljf J \aJju .Mi^l 1JL» a.Shic d&idl 4iJU J*>d Ub Jb*f 
tj—*? {HjjA\ J^t~*> <Jjj^cJi oUUp j4«-j Michael Sars ^/jt-* J&u 
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1000 <iy-k J** J* iSVf COlk^t &\j*r Ol ^\i ..ifcLity y^rJ ^jj-i^ 
ji \ijjj J^> ^f iiJ? J .dlr'ty colk^i *&\j*r Of t£j*^ *UJU)! *u* yu-» 

A—2ku» ^—4 j£& J*p( <£f^~£ t Uilk^t j^jLrf 0j& 01 J**cuJj j*3 .Uijn-^ 

..*Jla jl*!i ^;ir ^ j& ^ afcUrf *A 4 JL**JU «8U-» 

^^-J* jbJl (JUPl Ja ?Olkj?wJLJ Ulkll *u-UJl jUpty J %i3 JLjuj ^-J aJ-I 
iJ^w 01 Jb-^ JLf ciJLA Jj oUbJUl Jji ?£*JH jj*oj UT «U-1 ASJUdt ^j^t-^Jt 

A*UC A-£lll Aj^Jl 0j^»jJ £& tMJr» ^^JUJl Jj^Jb aJUU «0A 5jlA£ l*sk 

fLaJl ^byJ ^jS'jj* <y pi ji^j £w*V jA pi J»^i A3jj*il ja-J^ JU*~-I La* j 
J^Ljs- .fl870j 1869 j 1868 fijpf :A*^b» ^i^ JftW SjlIj IjL* olP**ku-b 

4 fl^all jl^Jl 0\£*£ Oj-w»jj J**ujI tlJUb^ilj Ijslf! J^"^ J* ^^"jJl 3^ 
4_$L cULJl ^laiw Jis*1 .p Ji 2000 J** oU J «tj*JU .Sj^J tf f gUar^J Oldl^lj 

\P^t77 ,^t 370 J* jSTt^ 0>-y»y f li cdJlA djwaiJl Will U^t ^1j* J*>U 

(ijlJ 4000 J-a— > Ji **f ^ oliaJti J*>U AJlilyrj ATut. e-**-J .^*Ji j**J 

c- itf* .a*-j~*Jj cHAJaJl ^3r jlkj ^ 5LJ-1 j* Sj*^* Ijj-p jlaUj t (f 1250) 

.dirty j ot^aWJl tils« Uji *jb aTu> 

.j^ydl f*^k]i A>jip frj^ ^f v^J ^^j: i 

oL^iJ i^AS-- — o tu sr^j? lar-yi ciij^Jl AijJ-i U^\ dtli ^ ^iii gj^UT 

hj*J\ OU^jJ-l CJ jJj UT . jTjJ Of Oji dtll JUpI J) Cw?lP ^1 4=JH OUU 1 

Jl — *pty dJL^ J aj^hJi ob/d}Ul ^a Adjydl ^^Vl ^ J* Oj-^»jj jiP 

0\_»Ul j_* jji&l UrjbS- wi^ UT .Adjj^il jji\ illC-^l ^Ijj? ^ JbOnll dUJLTj 
Jji .^^ukJt — !l frj — ^ UL Jb j*Jlj J^jJl OUlJ^ Jl^ab Of UJU cJU^^b 4.g.i.U 

141 



The Depths of the b\y** f 1873 ft* *j*u>t v^ J *U£* AJiiUsTi a^y 

oLJU j-_£ ja by: }L. 70000 dUJb }C& oij~- ^ j* aJUJ aA*^ f L«U 
.frUor (lull oik^ J jupty St?- ^j c~tf ^t j**Jt jupf d>y; 

5,5) U^JJ 2,2 j^jP o&lijUl A*b* c^ 5 >*^ ^ ltaUl oUUil lp 

J Mb 4__bJb- IjU? ^U? ,-fcj juJl 0l~?- <jfc** OJlJa^l Jkdj .(^** 

4_Jjb Jj_ »ij ^jU jG- ^ Joj 4 (^ 55,8) tSJJ 22 ^jp ^ aS^Up oU>Uo« 
jp frUtfll SjUJl i>u* Of JLu OUit U^i jl j£]j tiiUA gjS UJ !(f67) UaS 220 
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Periodic Chart of Elements 
fl880uiLitf*iai 






^«^^^^ 



$ u nft»tt te\X\ c>+^ uaL^SV* fi^ juu lilt 

t^jjj Si u»mU;» JjJ^r *& iS^ji 'VW*^* j*0U*JU ^Ul ,»hna j^At Ujlp 

<u-j^ Jji Jab* v-Jlt j£! ^jjJ d~* jL*ty ^ Ail .3L-* 125 vjtf? SjlI duTjT 

^jb a gi) ^L^t j^?- jcjuj US' idJU^br j-pUp ciU^I J] ilS JLi!.s.Lo^ J 

frlj—^-Jj ^1/? tI IOpU a ^jalP o&j <.Jeji\ j-pUp oli^j ^/aJUo^ *-t*^ 

^_^> jj\_ Ji ^Dmitri Mendeleyev ciJju* t$>to Ju ^1867 ^ J^l* 

d^*«-i 2 |Im .*Ait j-Ip Ajuji c^l ^jj r^Ji j**pH\ ji^ <uii£ j^T jbij kb: 

^jj)b>— j ^jJ ulJju* 0\S* tu^^l u^^l 4~^j *«o*11 frlftfcJSJl 4sJ-j Li^-jl! 
fl868 fl* djjdJ JuaJri jj-*JjjJt ^jji .Ujjf ^U^ j^ dt%»3 ^ ja «j^jA\ 

.ASyloS ^V*t^ «-W^ ^^T uUk 

dJ_>1jsll 4 gjtfjl fAtfj Sr-^y Ms^ J cT*^ ^^ ***^ C-JPjS*l ^J^ 8 Jj' 

ciJjLu 0\Tj .l^Ua^ ^3 <*£& J* J^ji d-j^ A3j^dl t#uJlj JguMl ^LaU 



"JO 



>^ 



cp s ^_jyiJij Meyers jjit — *j Newland JU*ijj owjJLf *i\ o^V-Soi U?j-^- 

.de Chancourtois OjjSju 
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jf L^jtUji 4 hjp <njt^ 4jUo5I c^jJJ* OjjJ* w^j»- j-^tjJt JLJ.l;* u*1^ 

ci.l .,/» j? j~Jl\ aJ UjT caJUoIi j\ aL'LJi ji iejUil o^U-l j* ^f ^ o^jsr^a 
t$f 4i*~ * 0? Oji j& .WljjL j£ij (AjJ?ij ff aJIp *o^ ^^rj^ Vj^* ^J^ 

,J&-\j <V&i J***> tj+J? jJji-Jlj J^J*i\ j*0tyJl A^" *ljS*-t J l^a 
c4*ku4 dJUT jj^sJ jiUl ^ OU^Jl 01 4j Alll jiUl cijtP t<JJ^ Jfl*-^ f 

j_* $.L£ty j^sj — jl^»^i J jj*-j i^kuJu UojJ>\ s-lli obrj-a t Jj-aaIi uJUj 
?j-^U*U AJli s-^Jl ^jO£ ^ jl .Ol&l j^ A~*» UL^ ^Ip jf OUjJl j* iyw 5>U 

OlSjty Ja*w J cJO^ tobw U -jPlji-l j? cA-L'Ull Oli*aJl ja JUUJb ii^s-ij j-A* 

.wb ^pJ j^Jj - aijuh j ^ty j*\*s\ £* j4i& j** j*v JT £ja\ of 

Of JL* li dJ li *uf -L?-t J aJ Jo*- Of Jj tJbO^r j* tfllp «ujii caJ^-» -^rj 

3 — aj^fc Oj & d--£ S*Upfj <JjLs J ^jj ^^r j^» 4?l5lk> a^jS* Jl «-y 

5__ftb U Uji 5UL» Uf c^j^Jb aJjO^ J ^j3 JWt i3j=i of Up OlT jS3j .^U*^l 
j ^IjJI oJLft 4jp OjSi Of J& U ci-^j J Jp$j Jj cOw g^iCi ji aJ^# j-^Up 

* * 

cil^jJ Aij^f olTy iulii: ^Jfc olJ*d* oiA Ol 5L e \5 bjjf ^3r c^t*iai .Ia^j^pj 

.ciJJi ^ «3ijAfllb> j-^t*)i Jjf iJu^i OJLfi ^1 clJllf j^ i^Ji Jjf frbr 

<jj— *■ Olji— **i jj\i c^j* - j^^ (1 O^J •^ UJ ^ Ad^U^ J^^" & \j^^ Ja*jj!l OjcPld 
.JtjjaJb caJ>Lu Lj US' l^U cJj+ojj OJb Ji) .Ot^^lf Olj-AiiJi cJ-m'^I 
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.apUji 

*jj u ■*??* XjJj J& JlJxS (JjjJA\ JjjJH JLPU t^Lojj^a JpUL» 

if 1980 flP J <^3j .w-*i Ji ^pU^Ji Jjj«a UiUJt IcojJl aJU^J' 

Ujyji&j_*» Glenn Seaborg £jj~-> o&l* ^ty^ (M* J**^i 

(82 <£>ili **•&) jt>\*fj\ oiji j* ci^T Sop j* oUjyjJij oUjjjjJi ^ by 

5jj_J j— 5£ jl ^i t£*k)t dl MM/?i ^ .(79 <£>JUi «up) *~-*JUi o»ji Ji uy hj£ 

.uUait *LP i^jbiJl j* OUaij! 
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Cell Division 
^1882 LJsLi^VI 



• > ■ ' 


&^^ffi'$&i *^&^*^**MO^im& 


Ml 


■■<-h y *m*^^?^t0^ : Ji&; 


• 


^^^^^^fcfcM^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^B 



S^^a^Jt UUf <>«** c&LSJSVl I JLfc Jbu tilt 

^ U) U-jd ^ tyr JUauj US' t4Jb* JS* l\jj J>-b ^--S^jJt oJUb 4m»Ij^j <JU^1 

j— a ^^s^u *>I ^***J \4~Jj ci^UaJj b*&M 14 (i-i? ^ ^jL^Jb Lsijica JIp *L*-ty 

ij .A^»Jd jJUlj Ul^f SoHj hjf. J*A>- j* l^*^ JUj^ii! OU* JLisfl JtfJ 
4—djjb U ^ju 01 US' iteiJj~\ te\J-\ ^*JWU i~*sl\ ijJl ^ \tyr tfldUsTt J£-£J 
oidL^^Ti ^Js- ^a (^J*hh\ pUfi'iH j( mitosis ^^) l£*M f l~JW j* f jJi 

L^f&Ub &l*dl ijjSLtj^SLlt OUIjjJl CUijPf tj-i* £-»Ut ijiJt pJa*> J*A*- 
^fcai .b>*AJ JJbMJjl c^ljsJlj dljJbjJJ JULJl i-^jaU Ijlai Ifra^Vj ^^JJ 

.li AiUiO J~^UJ 4jI ^Js> jJUJl - ^XS^« j& jl 0} - tJW? OlT £«£ tifcg^s 
£— 2 1 ^ j— • f*j— ' j J^ .^^^ JJa*^ hjji y*\ L>*fcM ipU,flj frUUll f\S 

cr - Ip iajy i^all cJlT Jj t y-T Jubi iJu j^o jl jfl t b*>UAJ iitit cJlT £L*ty 
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Oj_Jb a_Jtf-i J^lf jlLl- cJlT ij iJ^JL! aJ-U» ^L^ty ft*. j& (I 4 Jb- 3jT J* 
.L^dl^^^u J ^ 1843 fi* Walther Flemming £~*^ yi'j ^j 

4Jli)l ^jy) f 1905 4jUIj (uy*>WV j^jw) 1873 j^ OUwUrl J ^jij v*^ Vj^ 
.b^JJ Aj^rl Lrftjjdi J Uo^cwj Uij-SJ <Udfc UP iLlJalj .(cftS-J^j 

iUj^i litf^b (jUSi p*d oul* ^) f 1879 fl* SjiiJbr 4*~p ^ £u*Ji jiP 

dji-^Mj .4JbUJ tfjs^l OUj&l jjwto dj* 4JUM 3Ijj J>b 4-jw Lk> Mjf 10^ 

«£** j) <<ut*H 9 jf jrJUjjT)) chromatin ^uk^ii 5^\ii dJu* J^ £~*Jl3 jltf 

01_& .l^Ufilj UiM iUJ j* (jSjf tSJtfl yty tt^^M U^l Cis3 cjJaJb 
cib# J dJU# b*^ «4-TUJl» jj-^Jl j* aLJL* jP SjLP OlT <Uj^*jj^-a jjP dTj 

dJlft c-Jy j* s»*-)* {f£ tA^tjJUU 4J1S* ^ili Jj^j ij*j}\ jjj*. .ft«i3*s|1 Jj- ly 

.t?jii*l fLJ^I aJUp Oljk^- ^^kJ ftfxtfb jj-^Jl 

Igjr'i ^u»Ji Js>) dj^od aJa-*- fL-^-i J^-Sj ^Ujj^Jl u&& ciJUJl frJj ^ 
&£ Mo*?i W&i j* ^^-^ «cj\j>j*>jajJ'» chromosomes Jl uy^j^T ^ 

mitosis 4--JU*!! oj — » ^ jlbt ijLAj t^j^ 1 fUJfc^i aJUp J L-^jj ijji e^Jj 

Qrih^ V- Jj <VJ-— "yj^ ^r* J^ j^a-iJU ^cMftifr AJliJl Sjk^-1 t)! A-^J3 O^j 

d*^ — J tiJ^-1 /ed^ c^*b-J dUU L$i« ci^ Ji* c^yajtJl I^sm jP dJUu OUj-j^ojjS^I 
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c — i cr-^Jj tf 1882 flP 4^ulai j-£Jj <^jli-i pUSnfl <LL* £W* ci-^T» 
^ >-*>» £* *-"s*" - Ulp -r^ ^^ ^^ ^ ^J^ (JUsT^ LLy-l U*&Jl 
<^b tTjJL* Sljjjl jP Jjl* jjibjP OliUjS'l £A £~Ui <Jusft ^ f 1900 fl* ^y 

pUjJjt j^ju: f 1978/7/25 J tejJjli Louis Brown £)j^ ^j) §§ 
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3.U initt WLxufVl 



X-Rays 

f 1895 eijLitfVI 




Sia^taaft 2£Ut £*£ cbLJOSYt tlu Juu tilt 

Olj^ty <^j— 3t j-^ SO^Ij 4Ja]l ij^Jl hJ*H\ JbC .^yc^j (ti^iiJ OLi^lj ^LiJU 
jj llj tJLJ^I (^«jr jtU SjJ^J sAJpty LjJUjcu-o *~**JJ 5iUi j^p iufc Jjt I.M.J1 

.*3jLbr jp ^1901 fU- frkj^ 1 J J^ SjJUr j**j <^U *s~-Jt 
IJL - r J 0*j f £>^ cWilhelm Roentgen je^ pL& aiT f 1895 fiP J 

jl^ jP 5jLP) ^jjT AjjJt %*xl~j> djb j* i^*^ Jfcl^ hjr* Vj^H ^ tf Ull 
,(4u-> ajs-jll £ljill J djlj^j J*^- j* Vl«j^J» djU^I ju£j 

l^T^g- .»t r JL3 tfJUaJl aJLLJi Ajtj^U 4jJJbr Up J>b 4jjL«j dj~*>l Jjj* 4ijiL» 
ui-J ju^jl ^Uill 0\S* AdjjJl J JL?-jJl ^y£S .^Uio 5jj-A) C-*^j u-jy jSLij 
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C— ilT JL-dJ .^a » flP JJ SJUaiol) (jliujil A^l J M ^J til JS'JS - A**bM 

iiJL^ol JU- £L» ^^jJl &1j2-b ij^rjll r Uiil Ob J^j Ail tdlJi j* Vj*^ j 

IjL-a 1 * .AJr^jjyJl A^x^oJt Jj J^aJ ajjJUH U*Jtj dXiuil j!>U j» iUJl a^u: 

viUjT.M .1 <ij>Jlj a— U-ij s-^ 1 J^ yj **ytfi j* J^ ^ S-O^ V^ 1 

b? - ^*ull ^Udll <i»j»M gku** ^ <0l& 4*^1 dUi OlT Uf» ^Ait^PjjyJl a^-jL^Ji 

.AJljPjJjiJl As^tjL^ ^jlp ^blUJ AiS*b Aj^Uj Sjj-rf? J^-iJ j-sii 

ijJl^Jl A*-S»f IgJp Ijiltt iJj^T ajjJI ja djuJ A*ii ijsr j Ojy-T *U!p ^^sd» 
Uj A*i>ty dJlA Of A3b iij^T JLfiaPl .A^J^l J>b aJO*1i jibual! ^J^! ^ Ji a~w 

.AJj^tl AAitSl dJA iuljij ^Jj L<-^Ay Jb-f ci^Sd i J&J .j^f ilP J* Cjf 
J&l tOt^J--'b UJbu .ijSl^Jl A*-if Jj U AA»jL j^jW J& <uIJ 01 J*^J £$j? 

a* a»ty jf ^^ Si A*if» jf X-rays U*brM ^Jij tJj^li a*^M oJLa ijrj c*UI j* 

Of JUiTi ^ o^i jtejtj j& jlSa . Jj$£i J) j- jf X *JJ~\ >»>„ £-*■ -«A ? i r Ji 

^ Ia*» (>— >j J i ^Uiiij cue's ij OjJ^Jlj iijjJtj c~£i-l J^ A~~Jl A^-i»Sj* 

.^U^Ji iop - OiUll 

*jjj1 Jl JUL **j~?)k fel£ JjjJl j* AiJflS ,JUaj J*^J f^ tAsj^ fr*^! j^yH 

4_}jJb A3lkJt J^jjI UJ-Jid .djc?»i XjJi jljJUl JU- l^iiPj (A3*}J* r***ty j^ ^ji) 

fl «f L-jJUJl^ 5JU4W jdj \lj <.£j\s>* j&*\ OjL A3l}Jl ABjjJl gAjJ Jw-^ i^Jj^ 

.A*-5»SU dJbO^l dJUldl j^ljSP^ OlSU J A3jjJt COj-J iAdjjJl 

.A3t}J\ Aijjjl ^ APljij dJU ^\iaP ^3r JaJl^iJ- Aajj <^jJ d^iT jiuuj f JUaif 

.Uajf *lk*Jl jj-^ C-T^ tA^u^f ^3^- UOiPj 

J*=—±ij fOj tjb- Ajf ^jlP .CJjlb jJUj j-5» aj*A1p CJUT A*i*i|\ dJlA 0? Aiil^il Cufe 
.^Jl AAi^fl AJl^lj A*--t> J j*- A^JLi (3^! JJ Ai^ll A-*>1jA)I j^ ^jUi? iu4 
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oij^ J 5*j* jii Z Machine <£i j i~&> Ol&»u t^L^Ia £»L*>> 4f^ 

J^U? A^bJl 3jU£j 4*U-Jl Sfci^l jJUflj Of j£~~Sj> j^J AJpjJl UJjLj \^/ 
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Blood Types 

fl897^L£SVIii 






.V Ig^auj OUl Ifr&u £j» j& c^JJl j* ^\y\ huj\ Jl^\ ij -y-T ^fj *J OlT 

CObjLJ tk-t^i jfi Jj^' £■** '*j^J *^ f*^ 1 J^ ^W^ C^t-^f tj^LiOjV 
<W» -j Lwf ^sff A**\jir «ul£j .CjLU J^Liu V-^t OlJLJt ^J. 5U-1 ^y 

. jjj-ijJt o^i j^ ^U.1 **^ otiUsf ^t j^ iju) jijWi *&j c4vW<^j 

if tftU*- &Jb* ^ - 5yLi» AjlJbr iyJU ^1897 fU- AjjL-mJI UJ iyJU CJlf 

J iJu J** Karl Landsteiner ^taju^ Jj\T jj^aJi oiT .iJLuT ^y-t ;bx* 

^gift j^^ JS" OlT .f jJl j$£ :43li ly ^J l j* (•"J^J <*t?^>t ^Llo* J*>^ *j*jj 
c ( fLu.->U fU_Jt j* UljJai £* ^j*J-t hyjA\ tfb^S* cii& U*LP Jjjj to ^jLj OJ 

J^>L-> j-^» L^y-S^J djSdJl gv* C/^ dJU* ijj J* Jlsfrf OS ^jlaiAJ^ OlT 
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ois* oii .^bt^i ja hL&ij 4=^jjJ j^W^ ^ ^j^ju^ <Jjp t4*w>*!h dU; J 

. jjLj cijUT jJlJlj Vj*-^ J* S^ J^ S^* 

J 1 a *<-£ J ^^i Ji-I 01 5t^3 a! jlais- cAdjJU aJL*ij* iPjkil 43 jP Ja-*>j J 

?£uJrt j>jai* US" t$-lj-» <US* fJkil jSy jl jJ liU .4~jb j^ijli ^ 

* *. * 

i$\ j—Sjj J ^ tUajj* Jtj*** u* f^ yi^JtJJ*} ^ t^Ut AjJ* 4*v>r^ J J 

.<j4*Jt Ifrftw; *-« r j*U 4^-U^ r iUJi 

.y-T ^y JT jO ja &jA 4L1S ot>S 
Jg.ft «> J^ cis& JU> frlj^J-1 4j^Jl ^kj^ c?* c^jJ M^oj^fi. Obuul j 

4 Pj^tf j j-AP i$H l\yJ*\ fUll Ob^3 .iJjf^ &*Ja£ Jl f-*J* £^ J-tf* 

J U-rt jl Ij^Jj t^y-Sl 4Pj*£l J jJaP JT j* $.\yJ~\ *aJt Obj& C*£JU? S*b-tj 

*~J>JJ Ublk* 4*J3r >oJl j^J .«B»J «A» Cfc^J**^ uy^ (5^ ^UiJU^I jibf 

Jfi Bj A ^j3 J* t*f £• J*UsJ V jO ^il* J^ ji*3 t ^jUE J^ ^laAJL^ ob 
4P^o£t dJLft ^Uf 01&»U .fUJl A^l# j* 4i)tf 4Pj*£ fW 4jt iJjitj c^J-1 ^jjt Olf^S" 

.«0» ^>J* 4iJ^^ AP>*Jri aJLA j^Ip jlbti .OlT j^?U> <<sH OUL ^oil »^j» Of 
^jA\ iJU Of USj .Bj A £jJl 0*^ g> J^^ 5 f *^ j^ ^iy J^ jiP IaOju 
.U-o^iT j_^ JpIau Oil g\j ^y dUU >Bj A ^ji J* <^ & J^^- ^ S?^ 1 O 
.«AB» ^jJt gi^H ^jji iJU J^ V-"^ <Jj^ J^ 5 



n J Erwin Popper ^j— . ooj-4 ^j 1 ^ M^' s-^ 1 J ^y-f olTjt^ ^lult iJU * 
J Alexender Wiener j-jJ jJL~ — ^i iTjUL. dliiT j t f 1909 f U- JUt^i JJLi ^-j^ 
Jj-J j t? 1930 flP UJ» J J»> SjiUr ^1p jb-.f 1937 flP f^U Rh ^Jl >UJl JUafl 

.^jilt - Cfc*!-^ J 4— »U*-» JAU j*P jP j»1943 flP JN»*lb J*JU Jtjj ^ jA j iJS Ajji t\jr 
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.(A, B, AB, 0) (Oil £>& ja £ljif 4jwjI oL^t dUaq ,2Laj>la ^tfc* (^ 

!^jJ 800 jill 0? ^] ^oJi £*l# jp ^uJl ^ Jak&Jj if 
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Electron 

pl897ciLS^VI 






j * i& (Jj\3^) OU-^sr yw?' W? ^Ip 43yu> ,Ja3 OJj*j-J» OS OljJUl j& |I 

<^f JuA-i jf ajjj <>* 4^*^ Of Oj^ -a^jsrj c~tfj Ojj=£Wv Oj-**«j$ Jm.'jO 
Jjf ^_*f jfrjtj jf <tdUsTl Ajji OjJJl OU~Jrl (ijf oUj^^i CJlT .Jai Jb-lj 
ljoM (JU*T*1(1 iJUb jij UT .SjJUl j^b*- yua» ^^ l^Jp L^ytJi j^a 5Mit j* UJb 
C^*sit Ail .t\jj^S\ j-j- v-U^I 5Jb-jJl jP ci^jJij ^Ujs^* JJ^Jl <y Uaw 

0j3L_f J Joseph John Thomson Oj~**j$ Oj^- c^jj^r p*U ^j ^ OiT 
lag ,«»f tij-ip. .3j^U-I j^u .4jjJf)|1 j^*^jU iuJU ^1856 f\* j* (j*~»j*) Jjty 

L^bj idJL^ iy ,,rti J dAJi Jby «APU> U ^Iajj j^P 4m jf jjI jAj Jfujf 4J& iuJiil 
^SL-jjJll ^ijO—udir jc£ ^^Jj i.n/itf .f!884 flP t^a?" .c-Uj^dSl 3-djjtf L^JLaj 

.f Ip j^p 4ftb dUi Om Oj^^i 

Julius Plucker /£ ^jJji ^li^i JJ #> cJ*£\ Ji sj>&\ Udf cj\T 
iJLa jp ^^ti aid .oJLa ^jJl^Jl 4*i»f LaU tUJUJl ^db jl t Jb- if ^ .^1856 flP 
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■ fiia > M,. ,lt ^tjJl IJU* Jai lib j^ Ojbw fj4 Of Oj-*^jj jj5 tf 1896 flP J 
C~~ — sTld j2 ,j,Ufl A*vJU0 ^ A-j^il 3a£^1 dJUfc J&fj ^jjI&1 A*£S hjj\ pX*4* 

tUJ — u .Ua— jI 4J1 a ia*-5> J^ ^jjl^lf A*£»f Ob c™fa If - aJU Ij*J> A*wjL*a)l 

5« *rtl ciy- ^^Ip ^^J^IJU Ji?- 5jJL3 c~sJ A3l^ o^U: 4Jk* S^k-j: Oj~*wajj 0Uu»*1 

.(Ufljf i*^t=Jt oJu* ijyrf 03 Ojy-T OlS* j) ^jJlSOl 

JuJWU OL ^fctd t5jjlk*j Aajjf J>-^ *yrj* *^j AJ*bw rJUL^ Oj~**»jj iajj 

.(AjjlkJU ^J JL ^ djk^lt ^1p A^al! 

A^rifli/? ll oJL-A tjd*- L-J?L*» *}fl# A^JJ t^jjl&l A*£tf aJ*^ j* Ajj-jJ -JLiJUco 

4 i*£* ^Jl ij^ y^S Jbf A*fcu t Jb-lj Ol£b ^jJl^Jl Afcfrf jL** u3^- U^J** AJ*bJj 

.^Ull Olf lib Jjtf fcity OJA jU* J^ 

j&Ash) c>1yi^t A**& <U>lJ ^j^j .O^UJ-I lift lAJdjf gjli OjflJl tiy~*y £j*\ 
&& UL?- jp j£*~-i OlT AJld t^jt\S3l A**f jUwa J 5 j§ JS* \#3J*\ ^\ (Olf^b 
,^—U ui^jull J^ ja j*U\ Jjw !■*£*) .ajft&l ***f j* Js-J» ^ J OU~Jr» 

^j— ip J^fl?- *uSij cJUJbr j* a*3t ^iptj djl^r Ij^-j Jj "toljlt ob Aij^f ^ipf 
JjJjjJi aJL^ j* 1000/1 ,>* Jit OjSj 0? c^ cJlT |*~Jri »a* iLSi .lib juUJt 
*~*3r j*-^f *^j^* *^f J?f&\ j** ~5ji jA^f j^» 3y ciJL Jif ^f -(J^-jj^ 5ji) 

aju^m. r syrj* ^ ii^^t if JJ AJLoi» o*iiA» ^-^j ^ij 5 ^^ J^J^ j* ^^* 
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(!-»» George Stoney C4j=-* ^jyr Lf^jfH ^bjsili jlW c^»1891 fi* J 
jP 5^ yaf ajOI 0j& £>t Oja frb^U (p-~JH) a*^^ So^jll J^ «Ojjs£iy» 

<u-~« ir tJL^b «ojjsCi» electron ^ Sjbu^i tiy~j>y jjii .*-~Jrt iJu* 4j*U 

J-^tjtSL ^a. ^y J*- j o^j t? 1898 f\p J j .Ub^T (jU- J^ 4it dlfc juuA-i 
4—ijki i*w> dlJJu ujli 4jji OjJih oUj*Jri ^jJ J^jjjiJi JJjlIi Bequerel 

Oli fJJLJl aJUp Ojj ^ OjjS^J^U i>lT li| t2Laj>I» JiU^ f > s 
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Virus 






^5-Jp 5U-1 JlCif .fj\ oUjjyail jui cbjj^Jlj l£*M ja j^j ju*\ lijS* 

j « iUJl V^So: d*^ jiL^Jl j* OUjj^ll jcjtfj US' .AJiM dUU Jf> iJa~J\ ^Uj 

. jfl-*Ll A-*jijir\ 4j>Jt J^Tfj ^ij-UJ* 0j2lt gUafi iuJUJl 

c.m» I) lit Ub (4j^» Uja^LJl) (w*^ 1 j^ 1 * lHJ 5 ^j^ ] H 1 UJkf » 



(fj^ 1 ) d^ 1 <J^ **h u* >-^ j** ' J^- ^ c^ -c^J u*^ 1 °^ **JJ 



Jii ^ UjUJI» lit J* 3U*JJ OjSyu jjT ^fcjJt ^ j& j .AAjJail LfaM ^jtf- JLxU LgJUbJj 
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j>— *-j at— •jJi o—* ^ u* J&\ y J* *rtji* p*j ^rabies v^ 1 * ,aJ St-^ 1 
.**4e*jjir\ **J& J* **tj\j dUJl ja Jib dUi ^5Ji .^1885 flP <u*sL*^i 

tobacco ^L*jL**i)t £j» jpja cj\T l v .^ J*»Ip ^ jb»f J ^ |l yt-T jpj* 
ouUi Jijjf J^ ^*UjL-i Jai 0j& Jj iL-j ^^ ^JUij ) mosaic disease 
Dmitri ^~—ij*\*\ <Sj-~& ^ — *jjJi ^M 1 (l^ ^ 4^1892 pi* J .(Uj>£\ 
j^j-^ J^ J**5i OiT) c-jjli J*uli iJLa jp d^Jt 4^ 4^ J^ Ivanovsky 

.Ujc^J^ yw?f jp- -OUI&1 £*£ ilktfJ tM ObtA^ll dJLi lijyw 
J^j j *j £j\*lj.\ ja 6S>yJr\ oJU J^U j* gijll JjLJ! i)\S" 4 Jb- Jf J^ 

5 *^ a &■*$£> ^j^j (£j^ fe^y ^j* *-r 'j^i -Jpy^ c^-JJ J^uJi j* (jfi^^t 

U-^a .lib- ^^Ip A^uIj C-Ji* J^J 4^° ^UoJbxs**dl djLaaJlj JljjSU J*-%P OtJLPj 

Jwa-J lJLJ>j \ij*&J\ ja JL*\ ^ J& ^f ^j^-ji *&p*}II ^^gSLi^lil ^iaij 
dJLfc j* IjioJL* .djJUflJl liji 5 ^ J-^ *.Jar^.T ^ ^Jl 4Jbt£y J c^jjl t)l ^ Isa-^ 

.APjj-t-a J*»lT jP j^-Jjjlil Jb£ 4 **~Jl 

Martinus d_*jj** j-jtfj^ l*J— Jjit oUi ^ ^ ^ 1898 ^uJi J 
5— 1> ^L-pU . ^l i ■ ., ,■■ & ■■ „tf I t £_Jt jp^ j*J J^ J <da^ ^yi j( Beijerinick 

-J j— J#J ^P^ ja JbJbr jA c^-Jl J-»U]\ &b bfpA\ dJLft OLSJ j^^*i il-Ui-t^l 
2 4 — jL t^Ljj^tJ cJjSpl t \^yJtJ5 Aiufli *JLP jUj U tbjjsSyJl j^a j^So jiLpf fr^-5» 



frb o—^ b-i2S ^up j* Jjf 4i( (^1895-1822) j^U ^ ju^l ^jill /Ull & <Jjj*> ** 
^t . m , , « «JL_jjj? ^^j Oljw 9 fl^ J& J^ 4-jjf Ji UTll J& Myr £~f n~&\ 

4 At Jait^ UJLiP j tj^s— »b O^tl Uib*- 4Jt^ Jljt» j4?t~£Jt iJLa J*P .Ojll jj^ ja dJUitd 

fiJUifi JUUl-1 J^ jbc^Vi Jiad t fl940 flP (j3i ti^-) jja-iU jii Jj ^Uj! OjjjlJl 5lj*Jl 

jC-»b.A] L^Jfcj ^1 h*t jy~*&-\ j i-^U Lfls^ft) <#~Jl j ^V^' j jA j 4-uiJ JsflS cdJL^» j 
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J-o* Friedrich Loeffler jUijJ dlj^y yM (M tf j*t tf 1899 fi* J 
foot-to-mouth (i— iJt <il ^J— SIi j^jl s-^ 1 J-*bJ» oL \tite- j* ^u^i aisur 
Oj — ^e J? j_^ ^uJUj \jj~£J\ ja Jj^i of J-«-Ht «i-£ ywaJi j* <5if disease 
•JL-jj t-^j (^r- ^O*^ 1 l£jSL*_*)i £»>M Ol^ t(f 1901) o^ 1 ^ ^-bu .y-T Ujji 
^-Jt yellow fever *\j*tf \\ ^nJJ v^ j* ^-^J 1 dU -^ ^ Walter Reed 

tj^j— aJl Jjjfc jP JjAdl ^jll iJUfe ^ *Ojt£ Jjuj .**% ij^r j* *w^ o£si 
j ft L^ \\ <(•— * •cT'Jjft^ 1 (•**" J* ^J^i J? Jb *i! 4J13 ^^^Jl OlT Uf 4JU J^j 



j* 1000/1 -OUjjjtfl £>l ^JUll ia^jJl JUsf'Jh »JLa £if 
b^faj \fJr\**j tfUrflj* *--f ^lalljj jAJ* pl*T ja JuJjJi c-^Jl CJlT -Ujo^Jl 

.d\Jd\ lJU* Jj ijJjtij ^y» g*3jfcl J?LSJj fUsftl JU^ J Jb> jsJlj Jl Jjaill 

j^ias? ^»j t«4dai*Sv ol-jj^i» j( rhinoviruses ou^^i^i (t . . 
o^^j) fL-Tjlt c/tfb- oL-jjftlj^ijH <_~~j .Jity ^ Uji 180 8f 

J— wb fjaJj*t Jl t^rjj^ 1 Jiji) otilfdU &rjj~A\ c-bS? *JUp dLJiT dLjjj^j <JJ^ *** 
jm^,,:Ii j_^» ^ji) bjt^JLJ Cjj^JI Jtjs^l Syfclt* j (OIJjaJi u ia*J 4jjiJrl JLoaJi J \ij£J\ 
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Mitochondria 

fl898i-alA£Viaii 




* Ua * v^J tl *^ •^a* ^^ M u?^ DNA-Ji UjJGjTj=JtUJL! of h\yi\ ja 
jjjUi ^^afc J 4*J Ob lit C-a-Jt *JLflii* v- oUlS* 2L#Uu? dJi ^ ^^J td ^ 
lilk*3l ^1898 fl* mUsS"i J^ ^ -^J^ lM 1 <*** J ^l^j ^jj^j «£r*J' 

^^J ulp f 1665 fl* l£fcM Robert Hooke dj» o^jj t£>lf^ O^Ti 

tj-^jJ «J CJ\T d~*- tjaf jsJi J jjSl ^j*W> j* ^Uj 5jU3 jiffy Obj^LijjSLll 
tf 1841 fL-P J .«3j-JW Ji*-1 » — * J^P U IJIaj t >^U jl*\ jkb> J^ bb- 

^rjT ^tf* 0^-jl cf 1871 fUlt J .^^a^i a»jU ijfcM s.lj^-^1 Ob u^j U>iM 
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tj^-^fj .<Oj — »H\ JpUx!i» UU-M bj&\ apL*o1J oJbo*- a£j^I? Camino Golgi 
jij_^( ctf i>- £dij!l <J^-UJi Ja^* SoaUj: £*Jl hsj *UWJ 4A»jkJl dJLft cj*jt* 

j_Uri ^ aJL* oiy SaaUj: Felice Fontant oyy ^^ cjj^jSJi 4^ 
&*) J**uM ^ Jjf Robert Brown Oji^ c^jj ^Jd^y oiTj .f 1781 ftp 
j_^» ^j_- *Uf frj-jr ^ SljJl oL ci^i j^ Jj( jcyuj uT 4 «dljJi» jf nucleus 
pL^ti JU^\ ^1891 fUl» J j .Ub*J» oU A^ly J^ ^ dUij aJ-i U>sM 

.3*4*11 b>M Wilhelm Waldeyer >dii 

JT J>b (oQaiJl lAj^) SjA^Jl v-^jJl j* ^OP ^jrj tjla^j (t-iUjSLij^^Lo 

.ajbs- 

Jjtf ^x cUUi o^ f 1857 f\p oJij* ^ J^-j u^Ui ^j* & ^ t)\T j 
u-^ J^J 1 j* «^j <£*£' (^ ltaL * J** 3 c ^^ <^Wj ** j.Carl Benda ijlu 
frL-^-^u jfir ^J t j\ ^jlji\_jj^u» microbiologist cJJ (*f~*t ^ ijA&f 

.uu a~Jb £=it jr lij^ a«* u-» u}-\ j>b 

^ (U*UJ JjLJI ^toJi frjJrl) ^jliU pj^jaLJl jl f 1898 flP £-*?» 

jj £ frL— if J"»*J *^P J&* *Jt*^ V^V ^^* CJlT Jj c^b^a JiU*H Jj^H 

.lJbi 4*jgjLa 

«— -/ijdl j_, Ot_i* ^lp J^ Of ^ ^lku-1 cf 1898 ft* AJ i^jft J^ 

oJ »pf Oj— Si d\ Jb *i lit 1*Uj JLisPt .U AJbi- *UP J^ fj^jsA-Jt J SjyuflJl 

jt mitochondria p — J L_ j-Ip jll?ti tSJi-» J^i ^ J^l^-i J* J-»*j djJL^ 

ja Ifrj^r cJlT liLj Sojrtjio cjiT U( lap ^Tij ^UaI <j\ bj^UjTjsilli Japf <0Uj 

.LJbxiJ ^bMJdl v^^^ 

Oljj^Jr-! J*>^ ^ ^kJl a^l ^1p 5j03 ^sTl frUUll J\T 4^1910 j»^ J^ 
CJlT bj^jfjalll Ob ftUJUJl ^ Jb*uJl jdj? .I^Up frUSf aJ-I \£tf-\ A*b»j 4.^1 
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.LUU aitfaJl *>rbM ^t*j ^ %90 <y jiSl yy ailfe 
^5*— -© L-4 j*LJ-i DNA )i dUL* bjOi/jsiHi oL ^ t? 1963 ^ J 

U cJj J !5jjwJ^ dj-li-1 j* o1j*ju**o ^« 2?^ J •djlAsi ^ <$*i J$9 .4-i-l 

tj^^l b^U-l £• IOiP tfjjjl bjJUjTjalil OUlT OOiP t^UJt j*jjl j* 
JaisH J— ^J cJ^-VJfc 11 Jj UjJUjTj^lll C-Tj^ Oil .l$al> J*ULi Ajj*r A3ViaJU 

l^Pj; j* IJoJ ojtduflJi 4ejj\sl\ s-/'jal* oJift ^ Ji«r b: t u j*»bM DNA-Jb 
^_ji ^j^Ji aJ^i jp i£± &\ dUt* (I Aii fi>j -ijllj ^ ajUJi ^ j£) j 

\{J ^ £**■ t«AJiM Sit Ojj» bjajjTjsjlll ^Oj iXaj^la <jpUL>* 

cdL-gu^ iJ^-J L-^Ui ^Jl SUaJl dlli J U -UiM aik £>3r ^ttl 
^^u*. JL-j fUJlS" aJUJU fig* *b*i l$>rb£ jf cOImaA) dLJd A*rb£jf 
^ -LflJl 4 Jj J*£ ^JUlj tC-Au* jdW*^ SAu J* &d* 104 ^jiwa) 

19j UJb 12 ojoS ^»jj f 1996 f\* (Uli>-»i j*) Belinda Soszyn jtj*ij*» i^Jb 
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5-0,2) ^ijss^Jt (i-j^ (/rjljteijjS^^'Sit-i' ^ j 8 ^ ^ ^^ ^ ^"' J^-J^ 1 



L-^i1j»-l t^loJl l^Jl.UJ U>-(aJt oQJ* iU^J ^j^jll frbij^i *AJU - OjsJ^l ^ Ailiaw 

j j&\)e tfj&V 3^-^ Jl Cjy j ^> ^y f JUT ^ 4^1 .S^TlJai ^ |I £>1 -U-J C*b 
^ils— -»l j bt •UaSf) dUJb jt-Ui Of Oji Ojy-T i^Jj ^a-j ol S^dJl aJLa OL c-Jp UJUp dUi 

oJL^s Jas_>t Ul j 4j jitif Jljf *il Jj tf JUil 3^ 3jU J **p%*?rj SiTj apU>I jj*J^j C~~*H 
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Radioactivity 

fl901 L-flLi^VI 




c~J oijJJi ou \i\J\ J j^j t^M^ 1 v^ljsxsS'i j& .^ult ji>f jjjUp cf je^ijJij 

ciU^T^I IJLft £si Ji) .IfbMJb yU>l oU^r l^j^ ^ ^ lib j 5jJw> 3jlU» Ol^ 

.Alii 
.^jj_Jl ^U_^1 >lAi (lull ^ JJ fctjtll ^LJt JIp Wjlf ^jjT ogif 

.Olji^ ^~*-U* CJja Jju ^ UlP UpU-SiJ ifcUJ 

<£ji JjjJ^ (lUlt Ul> J& jTy <J&j Ifli U tbjJ jP Ul£ aa!=£ c^jjT Jju *bjJ)l3 
^ h«» J] ciLJi U_* i\5 cdjJDl j^-u^ Jj=& Ub lSjjT l£jU C-Ja*- diJ . Jj$£l 

. jJj-ijJt dj$) *bjJ UA^i» ^1 ^j*^ OljjkJl 

aijjsS^UJ i$»-jjfcf jl& Jt Marie Curie <jj^ ^jU o^y ^ 1896 fi* J 

^» Jb-I 4-i jJb jl dji i *.,-£ 2LjIj^ Ifju^f Ail ,fbti)|l :Uli APjj j* Jb*br J&- J 
tij— il J UU^T Oj*J^« ^U-il j* JjIj *j*rj iJlJbT tUJUJt 4d^iu OlT U j£- . JJ 
jj^JjjJi l^srjj dj£s*t tjV^r t^jU cJU*u*»i .Jit *}j j£\ y ^jjijjJi 5^U Jj*- 
c*aU?U tAJOidi ^iuJi Jj?- aJ\jj^S\ ou^jJi l^^J Pierre Curie lSjjS* jh 
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J>b ja dju^o ^U^ J?LiJl \JJ> OU 4**u^ ^U^ 1 J?UJU aJUjJI dJLA J^ 

£*-J&: £—*£■ s\^H\ ^J <dU«*->1 J3 OlT JJ*4* £jf J* tjft^' ^>r** .UIjLsM 

j o US ja cs.Li d^jjJt ^jti tUL*? 5jiy-l OjJ-i Ol^ll OlS* JLol .oUtjJ-l ul?tj 

.cJ& &X4> J&jaj SgJfcjM JLPUillj JUpUII 



■L-JL.t ij ^A—t fj— -^bj^ ' «0* ' '^ U-Us ^J^ v ^ >bU 'f 1898 ^ J 

f jjijjJi ^T ^ j*! (/-^i i>LiJi j* <i-rt Ait utjif &j&\ ^pitchblende 

cj;u_n c i* Lja^\ j i^y»it cj^w J^ ^ tf^t cijiii a>* suum idiu 

djJi — ^ ^ilc ^ Jj-^J) J^>jJi J U-jsdj pia*» L*ai3 tf jJljjJl iJLP j^T jjus- 
UU_il ±jd £-#1 i*\i~\ dilll j^ ^5-all JlT UiT t^jjult j-^Ull j* IjjSl bOP 

jjJLJ. l~&\ Ju»jJl ^j^kJ (jlai ^Ijk Ijj^i ftb cdjUi^I ^jUI ^itti OlT U 
fl .djlj — -I j^ ^Uj »j^l JiJL^Ji jJLa-*» tf 1901 ^jU Jj .jij^il^ Ot^jjJ 1 

LpU^I JaJbJ j-Atf- jSSl i)lT *U^ diloS" ^Jw ) f ji^*jJ»j *(»JlJji JU?^i U&jlL ^U 
0,0035 4_»3j ^i fji^»jJ* j^ j^ »>u* ^r-iy l^jU o^ Ji4 .(aAu^Ti ^ 
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A_--3r C-»j c^JJl £ U-i^U 4]jsio l$to* <£jl» Ci^l Of Jj i<£jijJl ^^J^lS* 5^- 

* + f 1934 fl* dUij cAi-*ljAJ \Ay>* 

tjf i ju— j j* J*3j Jj cJaid Jjji djibr ^ J-^ 3f^»l Jjf UjT fp 



4j ^UJtfl ^ l^rjj j (V* jJLir |I cij ^id t4-*wd1 ^ ^y-f ^aU* ^^ f*^ S^- Jj^ ** 
jL-*- .#Us* {J&* j 4aU Ijb* Oft^ Jj ( J Kf 1911 * t ^ 1 ? 19 <> 3 *kjjto) (JM £j> 
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(£4^1 d£U*l ^liJa 



Atmospheric Layers 







^•v-- •^■••^ ••■■■ :>-: :• v- ■ •:'.•■ - , < :' : ; 



Jj__ill j— ^ £J ! villi 2f j ?^j^l s-Uaillj 4*la^ jru jl tOjT^j j^jty ^Ja-* 

v^JL^ j* jsTte ^jA-1 <J}UJl aJLp OlT Up 3^ y*( dUL* *i j*j ^ Js> jij£j&\ 

j— a L_JUl oLJLkJl c^Pji-J *i*]t .i3jt*u ^jj ^» Jjl jjj <j$ (jijr^ OlT 
</***' crob <£j^ ^^ **^ 5 jj-^ <-L^ **u^ ukf *^ -c^j^ <£jA"i <-i*>UJi 

Leon jj— * Lp jij^_J c — JJ Oj-J <>* cp 1855 pi* ^jU jlJi^ j* 
J— ijA-i ^Uj^It ou-ijjj t^jb^i jTj^ Wj Philippe Teisserenc de Bort 

Jj— i ^j*J — y £0* jf ^^ <>* -T^ J^ ^J** ^ J* f*"^ <j**&h £3j?J frgd 
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iljj ^' ri JlSCJl j^^Tj^U jkUll «JLa Jiafc tilt cjJrU Ot^jLf <_,*> jf £jf 

J_J?L* jj^iasJ Asij J*- U^SU <l-a^ jp jjj <^i 00^ J^ tfl895 flP J 
iyXa ^j& J) J^jfr* dj-^S J diJij tj-iJl j* iljj OjJbj J^Aki^i aJIp 4,»jlP 
Otjity j — a 4 — ip jjj tjS Jdjfr-** **•<* cAA^-^^ 2L*«i-t dji-Jl y ^ .(^jU 

4 — ijX» oU»L3 ^ Ij-^U? J-tf* £~£ ^li 5 i4^' tii *^^J *& Ja^Uallj jO^ 

J— a^ ilk*j J^J ^ ^ US^jty Jl itkdl ijiu lib- LUJi LjJrl <JjJeU 

. J*->^ ^ &J. AJlji? U* J\jj\ J?jiu dUij ylkJl ilkdl j* Lgi^AJ^I Oju iLJl 

t Jjty 4 U^U 4J& \£ hyup j£\ ilkllj 4JLJI frlisSl jl jjrf ^i ^js-^J Jorj 

cJa 3 cJUlt dJUb ^^ ^jlp j*i 1 IJLft **j .^iaJl <Jji~j> j+& 4k>lii iJbJU frli^J 

C i\S* . uLfaTt U JjA j* <j£jfc*Uj — 4-UP ^^Ip 4-feljlU jjj c£i Oij^ J* 2 *^ 

.Uijw ^U^l iJLft DlS* Jij t (J^ J^J ojU^ 4^-ji 19) jl*Jl 
37000 ^ty j? c^ 7) ^ 1 1 ^ i^ c^ *^ ^-/ u ^^ 

Aflrji 53- OjlJlAa c^js*^ 9 (^ cJa3b-J JfitiZ^ jP US' Oj^^J-t ei3jJ £~?- t(^03 

jj— * c^^ u^v-^ 3 "Aj»l* jj^? <^^ c?^ 1 ji*5^ j* j) ^*^ 48000 J^i ji*J ^>i^ 

.(4P>, 

dUJb ^jJttl jl^l ^^^^Jji 5jly 4J ^90j jip Jj OJbw> ^3 47!jif OjSi t)L ^Sjsd 

l_i^J J JUt *L_tf dJL>b» J^b) J^ f jp U j^j . ji-1 Sjl^- j^iJtl >tjJl jP 

^- 4^uU5 ^J^* -3JJai* Jjjj tbbSl *jjju* ^j~ dJLft ^h^mJI t^t-Jl iJUs*-^ 

.(•i' 1 1 c^j^-^ Jji 4yU 3jty-1 C^Aj t JJUl J 

(j^JUa— <&> lJ~aJp SyrjiJ 4^uUj AflJb jjj ^^ Jdjfr-^ (t^ t^*j^234 *tj*-J *^ 
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J? ^ijij t^^fikJij fji&h r}ijh oijLdi £>ja*- ^p *!jj*Jj Jjji^-i oijjtJi 

.<L3j* 5JiU OULI0 j*-£ frl^il jlyfcU*»U p,»»J &ytf Sjj^j^" ^TJ^J *A»flJ t^j^-l 

Jm« . U «j**>jijjA\» jl troposphere f\ JLa*Ji SSJJi JL^ jj> <^a jlfcf 
j? stratosphere ^ — -»i l— JWi ^5JaI» ^j t«j*=li S^S*)) ^*j Mo*! oUlT ^ 
Jlji *jf .«OtfJaJl SjT)) ^ju Mo*! ^UlT j* dlJiS* jsiil *« J a-tjJt J iJ»» 

►L_aJp j-j» ji\sj ^jir\ iJyjti oL ifin *uju)i djju .auj^ jpu** ( p) 

,*fcf (lull cr ib l$3lk> J £* ^Jl UJalf j&a-'JUj 8 '* ^^ c^J (5 ^ • 



Jp J*w ^JUl t(j>j^II jk-. jp ^ 50-10) O3 tijijH\ J* hj±\ «*Wl ^ jfti-jJlja-Jl * 
.^jil - 3U-U S^all ^^iJ* JjiJl 4*^1 j* %99-93 j^U^I 
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Hormones 

fl902^U^VI 




='•* ^ •• • • -..■• • ' ■■■ ■ -.- 



9 u< ift^» UUl t>4^ <Al£2SVl Cia diu litt 

frUa pi <Jui 4Jlij$T OljUiJ dJiTj -Olij^jjil ^^i - aJL+S £j%*>\ja Syr J 

p Lp :cJaJl (jip j* Uu-1j 5Up- Jaiil Ju^ftfl tJU* jcsdli .lf«lf> *tet JU- j^-A-l 

jt-Jap? j-^» Ub-ij ap jp- A^JLjiJi J 5jjj dia*-fj t endocrinology p-*Ji ^t 

UjUPb f-j^J djlA^-b CJUj^jji! dJU C-JLiL»i tlijlf Ip-^Jj IjiU^i jj3 

OJ i)i Jp ^y-t 

ylkijJl fcjl-jji ^Ip ^fet 4^1894 pi* iJljJ-' ^Jjl*^ j* *Ljt iLJL. J^ 
JjU-Ji oL_. Edward Albert Sharpey-Schafer jii—A -^U OjJf a,i jaj 
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5aL-l» aJLi a~Ui i*JJi John Abel JJ Ojr ^y»^ Ji^ty (lip d>af ^ 1898 
J—Jb^M 'UlJi ja tf&£*-2UJr ^j -«ji^«d!» jf epinephrine UUr*fj JiUJl 

Jokichi ^^ i^^yr 3^ <yL»-£lij Juety Jjtj u^aj t^u> ujuu 
4Jj SbjjL a*-^ J &j*~i*i\ jP.J-puk^i a*~j J**J djjjjj J ij*s£ Takamine 
«Cfi\—ijjS\y> ji adrenalin UUrMj ^1901 flp abu** J j^ti .bjlf i^-Udi jw 
.(Jj>£ll) Jjlyj^l dJuJl ^ aJUSi W^ Sdlll Li^ ^ JMa 

.U j-iuJ J**fc aJU»j JUfliV f Jdl 

oijUaidt 4_-1jUj OjJ aJS* 4jubr j* OLJ? t>b*-Uj tMili-il Lb tf 1902 flp J 
ut 4 William Bayliss j~kSi ^Ubj ^Oj Oj*p j^ o^j^ J ^j* && .J-*-4Ai 
«-*j w -** c»«Jji j^jdtj uip cfflSj **0' j-**5' j^ jJtJ^ ^-.v^ t£>-» j^i ^ A?°j 

.Ernest Starling 

J Zzj Uiij 4^aA 5jUop jl^ib f j* ^jb^Jl OL ^1p ^ cJaJl *Ulp OlT 

.in^iJt b*&M j* U tfjjk; Jl*ji ^jl? jWl ^J £**^ u^J 3 ^ ?C-ijsJl dUJb 

dL-> ijutj ti-»ljjJi J jsTt ^yft^Mfj j .jfiA\ jft*'*U ^j^» ««-^' J^ J ^/bj^Ji 

Jj ^ jlJ» ^j— • J^L^- ( «^/Ji)) secretin cufi u j() JJLJi iJLa Jtovi 

. jHt «.b^» iJtJb aJ jPjfj ^U^Ji 
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l^Jtfl 4&ja A)b- Jj1 A*U£ C*ilS* aJUfc Ob j-Jjb^j ^pJbb iJj^t t^lTUi li*>U 

J \ jJlP jj ^*J1 |!A*n cS^"^ M**^ 1 O^ljll j* JbJUlt ^j^j ^^Jbb j5j3 

djJ JLfrriTl 03 j^-^l Of ^^Jbb .il^l t^lTb J*P jP ji^ AJfriy c^^Jj . J*£uJj 

dJ — ft uw?jJ «obj^*» jf hormones &£ *£Aj\z*> j£yi tf 1905 fl* J 

^ p dJij «0jj-?jj£Ji» cortisone y> ul «*& ^yjj* £Jtt <^^ *«^ J 9 ^ 

«tf|i L^f .Edward Calvin jiiiT *ji j*i Jhj>^ ^^^ji^ J^ ^ f 1 935 

.A*Hil ^ J^ai jJ ibUiljd jTi J Uaflf U^ 

J — sr^I^ cRobert Earl Hughes jj*a Jji! &j.jj j3Ju>I* JpLi* ^-^ 
? \_p 4_fl»j jlp (Jfcj 1067) ^ 484 Oji OlT t( lu!i J p*j>H\ W 

Uflii Jjbw OlT Ail frUbJl ci-^l tdJUfc Aj\3j j* Oljiu Jbu .f 1958 



^(^^JbL-} £•) *U**AJ AjOjJJI aTj^-I c3u*f I :l^» n^Wl J 4»f» (^y-f OlTjLS^ jlUJl tJU 01 * 
OL Ty- *J— ^»ji AT*b A3jjjw 4b U* tJJlj-Jt j frill ^Uawl J dJUuJt AijA&l OLuOl 4jU?j 
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E = mc 2 2 qm & = Ua 

f 1905 JaLi^l 




4m, ■■ m &j* 4_JlkJlj Sill! ^ 43%Jl C*1J jiU^yT tbr f . jfc*J» Uf^wtj Ui 43*A^ *)( 
d^Jbui) ^jjpL-iJ ijlaj 3^ IgJU) 2 j4 .*) = It tiij-iJl jhjIj J jf^St 4bU*JU 

.( 2 _^r + 2 o = 2 f iAijljJl jtJUSl 



ul^ 



Ci«r t-JUj^dJl d*?*Jl jL^a j* UO^-jJ 2bUll dJLA o^i JiJ 



3— L,-ill j^j u? Jj S^L* colij cij^Vl jJb ly>? (f 1928) frj-aJt 4Pj~J cJ>JlSoU 

$JaL2JSYI 1,1* *b* Ul& 

^f ^jJi jji jJUi t Albert Einstein jiia£*T o^Jf Ju^ t fl903 fl* J 
^lj-^-^l &Wj—> Ja*~*-* s-^ ^^ J**-^" s-^ **£>j J^ <W* oO-^J 

dlb Ji JpjJt J Uuji *lsi J-si -of ^1 tt ^J*Ji J*M J 4aJ?j ^j ^j ^ dit 

J* 

.UU ^jJUJl j^ ^j bjj\£\ 4iM»!ji J c^-jj Aid .iuli 

J — ^-jT jtn «2j t 4 — i^3Ujt 4 ^tljJLJl ^Ul 4rij>t/L) ^JlJLij brjj^ ^V=-iujT OlT 

s^ — 5> JT jl^j .Ij^jj-*j 0^ ted* J aSjj obiL il^iU 3jiiJl iaJJl j^ ^JjjJ 
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U— *l*j Oj— & £)t j* jd^^T £* (I tilJi Jf *i\ i^J\ pJ*&\ jp oM*i ^ 

*■ * ** ** 

jL^J^b jfcSsis-Jlj ^*Jk Jl J L^J APly Olijf ^la*» <^a* t l3jfci»j bjU Ubjij 

aj^ *~fti jj-rf? jp \J?M ja £4 ^1 4^aJUi <jj\ss^\ d ^ UJ ji^-^T p,> 
U_j £ .l$Jp JbO^r jjk^a *U*p]j tOOodl VUjsill JiUil ^Lp frj^iJl kJLj lil^b 
.frbj-flJl J lilLJaj *$a!j jj-*)1 oJLft r^SJ b$ buL? OiT <Jl 4~£b^ll J^laJl J~ky 

^^-Jp js^jsl 1 » dj-^P *.bj-» <j^ £~*»j3 Jj^t J*1*«^T Olf if 1904 fUJl J 

j£— A ^j-J^ *J*J* *>^ <^ J^I J^ J&3 .cijJ^j £j^j *J*alt l# OlfcUJl 
j— a 0*-1j ^ jf dOHj AiLJb ^ jik») . Vj-u 0*- j^IP (Olu^) jjftibj obr^a 

.(OjJjiJu tj-ia!i 

ilfcOll gJbJl j^ ^OP J) (p»js3 t2Lj.^dJ tfjjftJl 4*0** Jl ^^^T J^*J^ ^ all 
£tj-^ jA US' AjUULII ja cijJl JOii Ua Ci-^j gjJl 4~*>bjJl ObLJ-1 J^U j» 

J C— ?js3l \ JT 4 US' ibj? bfcjjJb fL^tyj t(^Jr< f j-»t UiT ttUj t(0l&t) 

f' lj— ftjl jj — » lj-S»L» ifcUjI jjUJiuf}! ^j.m»J| Aj^kJl C~jjI .*jJaJl 4Pj*»» j* t^Pj**> 

4 L&Jt fU ?rH\ Jj— ?■ «j-^ij r j*d UjJIS' jL *^j^fj (<^j^) cijJlj (Ul&l) 

. jlla* ^pJj ^-J f j$A* j* J&Od j£j? Ug-*»\J jLj c(^L» ^j^ul\^) 

♦*Jt-i oL ^feij Lp&kJ\ djjk^ ji^JLjT j^u*»i tc^*Jt <^Jidi j*\"**i\ \j*> j* 
f •& J) -J^ ^^J tA ^ £^3* ^j^ *l*ji UJlT tfrj-^Ji Spj-* j^ Oj^ 1 UJlT 
(APj^Jl aJIp a^Uj &\J\k J* iil^ UJd apU ^lO^u^b U^^ foil IJLft o^"b 

.4_J\JaIb U A3*>U Oti OjSi of Jb ^ U^ tljsPj^ ibijb ^ Silll CJiT t^ 

. Ufri-J ^Pbj 43*>lP ^UiUji ^^Ip j^lS 4Jb jijJj 

L?jiio>i ^j*5iij jijjf^i' uy*j^^ j^W ^jj^ 1 f-#^ ^ *^^ oi^-^^ (^ 

J j* jiUJLjJ 0\T .(^1847 cjJjf*Jb) aiUaJl Ja^-j (^1789 44jjlji*S) IL^Jl JaiJ- 
JaiJ-» 4iiu^ CJlT ib^Jl Vj aikll ^i t 0Uia^ jjiOa ^jJUIl ^'iUp c)I IbU^ 

.p*rj&\ - fr>^ii ^rj^* ^jtJaiJ 4JLJI aJ^- j^» d^i j tJjj-^OL 
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J-JaJ 01 ^ U^Jl - JJlkJl JUjlull oiA U&l aSUaJi 019 tutsan j&j ttfjs^l 

Ji * AiJaT ( 2 ^ d = It) l^f ^1 tts&l - ttlklt 3bU* Ob jjlaJLjT ^t 

4—ip^Iaij 5 fcxJU 5j& UlTj \^P i)Uu jJU3 .4~~Jl AijlaJt J-* <u£aT ^Lmi ^k« 

AJUjJ jki A^rj j* Jai3 *j* AbUii oJLa cJ\S* tlg-*-U*aJ L-Jti .Lg^P 4J£Uj 4~~Jl 
L-iti Jisw jl .AStkJtj AJL^Jl ^ AbUU *0^ *W*1* ^W^ 4*^ jt tJi P *tf 4~Jpj 

jaj Aldous Huxley **<J^&> j*j^ J^ «jluJi» .fcjjdi aSUJi ^b^j a*JL>ty 

U_ *\j *ApU? Old t yt j* j£o U$* .0\T(ibT jf) p*** tf\ J Ja^aJU (| y 

J^\ <cp^ XiJt - <pVlt ftJLk^ :4$UaJl oJUb JT ^ <Gl£*U ia& 



V 



£t*j^Ji o—iJiJH (JuJt) ij^sJi khJ* v* 1 ^ t(fl963-1894) Jjj«U <#jjf )l» v^ 1 ** 
j_-» je^SH <J-aJ» Ui fr Vi «L*jjjJi» ^ aJb- jp L$i £>jl* ^t t (Brave New World 

jAJiJ Ot j& Jb-ij ^ flbS* J h*:/r\\ iSlkJi of t( 2 ^ i3= it) *hult aJu* cJiy. j* J*J *** 

- Ulfc Jj ^ ^ A \\ ibT j* jb c*M* ajujI JjwJ 4JU JT ^ c^-jb^* ^ jp 5LT Jis 
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** ♦ 
Relativity 
(•1905 LJLi^VI li« 



Albert Eimtein^>£*T ^**-iS2a»<> 



OU>t^ cJ j*laJL^I 4_-Jl Aj^LJI Oji JLi .<y£iJ yfcJl 14 ^laa ^li iL*»L-»ty 
.4J jJLJij j^jty £*J*J ^J^Jt ^J 9 Jj^ t^j-M^ cr^"^ 

.Jftky J* fJUJl (IIP JyO J i^y 4jj 4jd) til 

3 JjjUJI «U-tlji frUV 4] c^Jjj A-jUJ"1 ^bJLjT OLUUj 4--*jJ-a jjXa yb 'jft^b 

•r^JJiJ ^i*^ (ii *-^J^* J^^ cdjJ^P Aju L JI ja*>J .hj~»ij~»}\ jj\ 4J*U ^ MjAa ^jlp 

J—j*^^ *J^ C-*Tly J&J c(»yJ^J u^UJ"* Js-^^>« J dJtfUll ^yflAJ ^Js»f ^5Ua 
ikjw j\ AjOj* UjT 4<^t *^? tij* AJIjU !j^ 6lT Uiii ,4mjoUi ObjiJlj jijl^J^ j^ 
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.4 iljiJt&j tfl^ji Ai*u-J i J&j ttr JjJLJ\ dlL# J Jam d\ J^U ji^-i^T OlS* 

fL_Jt Jj .4^ & *JU<)[ 4JjP Jtfltj Jl^ab fr*Uj 0*ljj JUJl iJ^sd jlj^ll <bU*? 

4 -".04a kj-^-jj-Jt ^Ij— ^t o^I^j J-*~*5 S^b J ^JlT Ubjj ^^^ t^ 1902 

dJLLwJl Jj 4_Ojit Oljjty £J£ 4] OAi tJu*~J* OLikJ 4~JtoJl 4*u*Jt J i jJ&cb\ 

.*&ry. lX#y <^U*)l 

f 1904 f\ * £— ■ rfj fbf <>• f Ji J 4Jj*«jj~Jl 0^ *^*U J 4»jJ 4jjTj *Ljf OlT 

.dXJLP o^j^J (frUiiJl j^o djJu 5j^»() <u*-&* cJ^si lilk] aJLj: dj^r jf «^uaJUi 

(dJbua-^a j) 4 iU L-ijjw <JU- -tdb> - lj^\3 j£j |I <li( US' .(Jbuflll) 4kj£ 4-^Jb 

Uld JU-^ll (wJl^r J*^ frjJali j* SJiif kj?- cJ^-i j)j .A^ilJrt Jl# JjuL 0Uj*w** 
*tff y*\ i£ji~l Jju-» OlT JU-^ii dH J^\ <jjl~j> ^ JUJl jljJrt c^jjxu** CJlS' 
J Uu* t^^AJ cu^l 03 tj-iJl 4o j^ OEfj Jrfr^lJ jJL~- c)VS" .djljJr apj*M J»jssH 
jG— £ .kid ^& £ *jja!ti .4-oUrl J-fc* JwL ijJ>}\ lfij>- Cu^l (LJl 4-**Jb) Ujjkw 
.cJ'ljSo'lj f j*JJ 4-jilJrl Jj^- JwL ^ij 0? t4J ^j^ j* titf Jj tj^\3 

^UJLjT ^1=p! t( lUJl J 4-JUJl OUi^l jjapf Jb-l tf/* bjji Uj^» iili OlS' OiJ 
4^^UJJ 5a5*ll JJUJH ^^Ip frj^all JxJLJ 4JL«lt «iLjbiIt Ojl^uJl» dJLfc Jl tj^JJl 
Jj j>UJL_yT C*^\5j frUj-ftJt i^ijOl \^jj qa *J*jj dJUJLr ii^t diiJ CJlT .^»UJi 
4j^kJJ Ujb-( J ^oi tj»1905 plP 4-Jp iJLtf Jj US J*-»jf ^jUj ajujI j^» aL»L* 4jUS* 

.(ii'U It jf hi\j 4Pj*-J if^cdl f»\-crVl J& AA^ki^ ^-Jl ^^ti^) 4-^li-t 45-^Jl 

.4^i iJjJl Jj jjilt J& AjujS* djij^? jJLj SOiJJrl Z> m Jad\ dJU6 detail iLil OPj-ij 

.Ailklij S^lli ^ 4i*A*Ji p j*$ja i$j*\ SJUyr aJ Oj^j uT 
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jAi-tw^jT y^_i ,\jjj\ £b£ IjclA\ <^)ji~\ jU cJlT cij Jj if 1916 fl* J 
Aa>^J .iT^a* ft UTL* ^5Hl Ojf JU- bUiPi <_Ate* j£j^ a*~Jj 

I *T frj-^3* APj-j CJjJu JiUJlj Ji*U J-fl^^ f J$*^ ^ i-*^ *~~J\ 



Robert Marc Friedman 0UJ_jy iijU o^jj ofjj 6 yu 4 JL^-i , SH oljfill j Jfl-^Jt 

5jI ^ jl tjft^isll ^l^Ji»j j ^L-i» J^ c^py |I Jjji iJr Ot Jji j$3 t Jjty UUJl uj^I 

U ijjsT jjb**^ Of tiUUdi i~-Jt AjjkJl 4JJ^-i i$JS\ r\jj\ <JJ* Jy ^S'JJ ^aJi uaj^I j-» ** 
.ip\_j L^itT j fc*JJ jjLi-»» tiiijJ jb- oS^* J iioj *-*» :s~-*-i t^L^i j^jw jp JLJ CIS* 
.parjb\ - "!i-~Ji ^» dUbf .UJb litf j dU jJLi-» capLJ iLas- 5tsd £• ^^f 
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Vitamins 

{ 1906 c^Ll^Vl 






$ 0< i^t< 2UUI j^i> JsUJSVl CIA JUu I MX 

Olj*tfjJLJl u^-£^ uij^aij tOLy»liiJl j-4 ^bjs£ *-*-»*■ i**i>ty *_aL*j j£ 
tdiii x*j (.fa-piSj 5L?tAJ hjjj& ^Lalti^ .3.y^ftLiAit CJlj-4^c^il frlj-i J b^*> 

*u beriberi ^ <jji\ ^y OiT tJ -ip ***aJi OyiJi j* j>Vi Ji*Jt obUj J 

jc— *>b (JlAsS^ ULfc .Jlil ^ J iJLJjil (>LAt ^jA aTj-Si) OLL*u bUi £Ap 
£flj .i^j^ll otJl^ll ojla jp iarb j^j*ty ^ Ob *UJUlt Je> c,»-MjA-1 jp JbJJt-1 

cL^Ip ot— W*J ^-w> j*jd1 j* jJUU <£JLJjAl S-JaJl 4rjj cf 1896 fUll J 

<&*■ *-//*J dUij *uA» ^bj? Jl jLJ\j Christiaan Eijkman OU&T 0U~jjT 
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cr*— i l^J -£}*r^ J* *y.^ ^jU\ ^ Jztx^+'&A friyrU OU&T £^a 
^jL_bJl jfejuJl lJUb ja OU^oT Jjbi .^j^jJl jP j>jll ^teM t4i£ 14 ta (^J» 4Pj-Jt 
J}_ ?- *i_S ja—^11 Ob Asrji t^broJl 4ii*» fli <£JUi £LUl J#tS 01 Jl cilull J 
frl_jjJl ^jJL-j^ JJ dUij yU! 4jJud Luf J**L*il ^^1 j^Jl JT( ^ gyrJi\ 
(ja*-Ji\) J*£\ jjjl ^ r brJJl <uUk^ AT^iJl ^jJU a£j U*Lpj .d*b fc fj 5^Uo 
.<p» }J\ ^ Oj&lj ^brJdJ ^ty fUkJl JJ £Lk)l ^j t j*i)» JsaUi 

f .if* f\*Ui liA jij *;** j>jl» *JtUp £, c(jlifei) jaJi\ }J\ JTt J^ £l*aJi 

01 5* CjiLJ^I jjJl JuUE~J gjJl Oj*fc-Jt J U~J t (Jj (Jj}\ JfijA JA iib" h\ £>jj- 

Ob :y-T jjlaio j* aJLwJJ ^ka 0? ia3 J Jq& I .JpJ>\ ^ jLaJ*i(l *u3 jIp? ^^ 
.^\ jj\ J t^j* OlS" U *^ ^oi ^ u-*-J 03 &ji i£j$\ 

£^juj» £* jAj \Sjja\ Up u>u Fredrick Hopkins j^hja db ajy 0\S* 
OL.T j) ^_^( ja*^. Jjaj ? 1900 fUi! J f\i .f 1861 fl* «!** J Ua^I v>» 

4-ja«r!y J^L-> j^»j .««5\4jaijJ» jf tryptophan ^J ^^» Aja>»b- ^ j^i* 

^^ IP i Ad JU»J CJ\T jJ JLjJI ^K-;>mT *i Jjfii-^ OUlj^- Ob J&-J t^-T *^vJ 

j— * 4 Jfr J-^ Cj\T U 4**r ^P jkJl jia*i . 013 jujj}\ ja yi^ IjLJjjj j^Uxa 
0U^_J OLJjijjjJi j-^ iJLld OUT Jl r ^ UtTj obijJ-1 dJLa o*b c^jjJl 

.l^p 
jb-ij jr t js^i ^ L^»( Ub- 13 Ojju^t uj^i tf i906 fip j>* j 

4 -y^^i j>! 3*Sl dJub 0? >ioji Ja*i .^yjjJ^ ^^ij^r ^ 4^uf *J i»lic OlT 

Ot_U?jjJl J^>^ * j—a j--— 1 tdUstAJ AjjJ^ (^UkJl J 5j3j* UirjJ gyJtj) lujdl 

j-^-T Uj.^ dlJUA OtS* Jj t y-T jJLa» ^f ja jb jSo: dJL^3 t U js ^\ £j\jU\j 
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t(f 1747 fU- Lind a~) <J-isS*» Uf) scurvey t/^ ^ hi**}\ j* g£ i^TUJi 

£}~— &h pellagra uiuJ-ij ^/jaJ'j ^ <£jJ» Ju u^f ou j^>» jj* 
aJu* oL j^Tj .u ^ (joaj jt) oUJ Jj (f^yr) ^ ij^rj ja &jJ. *i rickets 

Ol bliji jP 24 UJl j) Otyj^JJ A-ija^l ^ol^uUJ ^JlP jO& (w^^j d>0£ ^l^ll 

«C»\_U*ty»j «3L— J-\» ^*£ C^f*! 5 ^ L^*^ j- 6 AAui^a 4g*«CJ j^LJ^I J-* 4Pj*£l 

.«oUy»MJ | » jf vitamines ^JT ^ J~^*3 

^as u^J 'j**** u ^ p-*^ trJ -^ c^ Ju«^Vi jlS J»jj "jf ^ij vitamins 
/oL^lsjiU j^jA JU^Tl Ow >uty Jl ^i-M ^JUJi i^Ji 

Hershey ? s Sugar Free / — 1» ,>-* JuM 4rtjSyji ^ *\r*** W 
> JS3 E umM' ^ %10 J^ Chocolate Syrup 



.^jsli — jij*sJi frUJi o^UmJi J lactic acid ^JUi jia*^* j*f 
d^-ijj tiJU-iii l^jyt> 4Tsljf jJLii ( *t^> j£"\ ^ The Hershey Company ^j* iTj-i ** 
.(rt-jsl» - \J\^L^i J ^1876 f Ip c«-^»tf t 5o>cdl ob*sljJl J 4rtjf ytJl CJlTj-i f j£f ^ 
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Radioactive Dating 

r 1907^L^VI"- 



jjp%**}\ s& wt*£- ' ^U^i ;itt*4i : j^>i*S\ JUj&*i ft ^^&3S?^ ; &&M ■ 



J&L-J $\ jywaJl ^j j^/l S-Sj** J& 4jO s^JJl J-ku <4*Jl*Jl %rj!l j*j 

.4~£jty OjJLflll 

dJL-A J_S* CJlT 4 Jb- it Js> .gu-Jl J^ ^jty ^p jtJJasi tUUJl JJLSJI 

4 h^> Jjt J^-rCl ijjaJjJ fr^r 0? Jj t(jM>cJlj jji-l 4-aP JJUL c5J*i? OljjJLftJl 

rvjt—J 4wtj^j iUaidl j^t-^aJt oULkJ nytslt ja tULJl ^JjsJj* *-3ti^l ^x^ 

j— * ' * Jg Jbu ja^\j 4-nU*-J IjrjIjJrl jJUi ^jj*5j* iW ^j>1j .acjlaIi ylilj 

. jUjalt lla J Oft^y J* *V*» jl fcfctf-1 oljjuA&Il 

f UJl Jj .jJup a^UII 0^31 1 Ajlfu c?Ji^ ^J u J^ J* t^* 1 *^ 1 J?ULJl j,t.yi 
(U^V yifcJi dLis&) Frederick Soddy ^^ tk^J <y JT iljJM tfl902 
^ j_ jjjaJij ^j_JijjJi 0? iJLiw^*i( u» Ernst Rutherford **jj*jij c— Jjjj 

^ ^1 ^jsrj* i* ^ uUoj JJ^J bji 4Jti jjajJl cJUaa) h$ tej~»j L*b-M dydfizj 

*» jf half-life * cs^^^-i * * J* J cl * jrij* ^ W^b-i»l ikJiJi oijJUi ^ 



itj .2jj>J1 tbj-flil Utj tUj-flJ* aaJUp ^ jjaiu t^^JjjJ flu- :(fl937-1871) ^jjijij C^-Jjl * 
.^jsLl - ^ 1908 fU- frL*-^l J Jj> 3jiV JU- jb-j JjJLU iijUl ^jkJl 
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.SJbJjUl 5d»ji*ll dJLft ^ i.Lat..,j ua-S' jj*J U j^bJU Oil i?L*Jl 

4 — j*ijj c — rfj^f J ^1870 fip Bertram Boltwood *jjdj> ^Jj* ^j 
tf 1905 fi* Ajyi o*-f J^U .J-j ajwUi frUj^ili ^ji ^ ^y .i£jjA*i\ (^Aj-nyiuu 

^5—Ip J— ijaii OiL-all VsO^ *^ J^ j^-^ 1 5iU *y?J ft J* ^JJ^i* ^"*^ 

•f JOJ^J {^J^ 
c. »■ l^iL-^j OiUil j* briji 43 i-»ljJb' ^ 13 t Sla*-*)Ul oJUfc 4~<?b <u* Ufe 

4^£ A*Ud c43jyw AxjU f j-*j O^AJb** lilt fjijj^tj fjJtjjJl 0? SjjAji Jpj&\ 

J ^-PU St*i\ J b*Jt 4— JUp frla_^yl JLu ^^ cijll j* ^ c^itf -Oj*P JbJL*J 

fj_JljjJl Oiji iJLP v*LJ- j&tf* ilJbu ijjx!^ 0l*u*i1 t <Uos*3 r ib: J .dyt^ 
J& 3,2^1 2u&\ jiOis) UlJb UsT l3Lk* j^s^l dUJirj So^ljJl iSJaJl J UUaLl 

jlall jjkJl ^tUoJ ci-^Jl j^P Aiyw ^'j *f Js'bjJ* cP^ ^J^ tejmj crij*J^ J 

J ^gPU St*t\ J^_bcJl ^j« *i\ <ji\ dJl\ ^L**- ijjsJ^i jjJ4£. Jr^^ cf j-J^jjJLJ 

.lAj^P Jj J-^jaJl ^bj tdyt-^Jl 

2_!b- JT J j ,AJA*m ^iU 3j^P jUP^ 43UL^- ijjs!>! yu cf 1907 flP J 
(J&/i\ J) jj^will dJUb jL Uj^tJ c^SjfcJU J^io 4CJL3 ^ iUJi dJU IjJ ^laJ CJ\T 
j — *P ijj_J^ ji_J .Oljll -OUp JjP-j Jj -OI^Sjo UiU ftULJl jj+a3 U f03l 

Ju_^f 3^^ ja j£\ j^j /^UH ^aiH ja JJt) ^ Oj-L 2,2 ^ ^L ^j^i 



.(tJTjsH -A^-» OjjL 4,54 Jij^ ^Sfl jaP Jj^j Of tbjJjJrlj Lsr^j-i-l frUlp jii * 
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J! Willard Libby ^ *>*-<, ^-^^ <^W^ J uf c ? 1947 P^ 4 

ijLJl UtfJl ^*P ^jJLdJ i\4-d jt^ idj*j>Ji &Jb- JLtXll jJaJl JU«u*»i 4J\S^J 
45000 i-JJb^ i_^ ij* l2Ji kjtf jUl £_*Jl j**J14 - Ojo^ Ju*u>1 J ^ 

j* OjJJi j-o *j*- j**flj £^^ I****-*! £0^ J&i t2Uu>l» Jptt** /^^\ 

J SJLd JjUPij IjjOiJ UjiSl ^ Lb-1j dUiSj td^rjit oUaJa^xll 

.%99,9 v*^ jJb jjJLaJt Of <^f ciiMi ^jJU ^ jftSl 
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Function of Chromosomes 
f 1909 ^Lf^VI klu. 




Aji^Jl J_p- ttp~*i Ol3U*S*1 I^JLp C-J <£Jl SOpIaJI *U jl J j^b OlPjj* ciliaS"! 
.DNA-Jl Aitjsr s-a^j? d^JLTj \4ti\l0j OU^j*jj$3lj oUjjll US <pj5 ^ 

Ij^-lP (9 JUJ1 <yL cd^i £« ^j .£ljJ^ jjk* 4^1 (i**^ Jijj^ fr*J ^^ J* J 



v^i — * T. H. Morgan OIpjj* .^sji .£ j>~ijjJi OiT ^1910 fUJi J 

jj toll aT^ 8j£T jJL^SU sAiJl jP Jijj^ f J4&. dJiS' J^jiJl JlPjj^ ^yaij 

I — ybje cijS^I 4jljJtp £j\j& jP ^b jjkJl 01 4j OlPjj* jjflT U JlTj .<JjJ-\ 

«obJLJt S—ijP)) jf The Fly Room obr 1 ? u ^^^ai t( jj^ ^JL j&j Jt ^i^j 
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j — » c3j_Jty cjIjJ^_p (jj£ l*jX~*A vr^rj Obi ^ J^jLaj JuLJA Jefo j* 

*il) ^J-l J SjJu^ b*f t^jf .oL-if AjujS OlJUb A^TbaJl obi A^lji jl»M JLil 
CJlT cUJU .jvP V ^J^l* jjl^ J* ai»tf* JLj* CJtf' tLitf .(JLSj £}j lijt ^-U=i 
^jX-i Of 0L_Pjj* jjOA£ 0tf* ^f - J^Jrr^ <j* J& JuJ*- J-r *^\ ^ SjilS 

jdSs If^lj* Jf-«* otJUl j* JJUJl dJLLtf cJlT clj>5j . li-Jl J %*■ 30 J^j^ 

.UJto jgty £»j#b LlJ 

5*L^-lj L! J (*>ba 0je*Ji <^jJ^) Vj-^ *ij~* *y^ JJ$k jlasilj d\*jj* d^ 
SyakJl dUU frli=3U Jb\LP f jA~*> otfj .A^TUJl obi ja j$5> JT JjJ ^Jl JhfiM j* 
OlS* Ail .Aa^Iaj oUJ ^\Jbj A*Url JLp IftjUsi! gJhi.J A^*>Ul jL*r^l j^ 2bbu 
oi »i j » *J*iT 5j p ^IjOj 1j*iS jjf AJjbwj &\*jjA ja *>Ui liay iji^ dlli 

*L-& - 3 j— ifc Jk> OlPj^o jSP tf 1910 plP j* 0*~*) JjJbj ^ J ljtf!-f j 

.j*7— ^ * ^^ ^JaJ) Oj-aJl ^P U>jP aJU> frUa-J 0j**j jS*i A^Tl3 4^bi Jbrj 

frlj^ ^L Uajf r jjj Jj ^Uaiio iui J 4-^?U- 4JL*bw {x±j&\ Jfihli^ £& ^ J^J*^ 

Jj — Ul Aj^jj ^ j\ (, j^LJU ^jU? ts-Uxj J-^Jl Jj^P CJ^^bj ^j^iiJl J-,0*- jJ 

^l- j J\Jbj (Uli AJ^) f jJl Oj^b JJ - 4J^ *~ljj\* **** jf 5b b^ ^ t^k* 

.jjkaJl jP Asj^Iaj jUflsil IjJljj OlPjj^ 

!Jj»^I 2LJ- bj .*JuJ*r A^bi 1237 djjjbwj OlPj^o ^ji ^ fbt Aft\j jdi jl 
JL.i' .Ja-J ^j_ Ji Jm Of Oji SykJt cis^l J& .Oj-aU ^^Ujb Ojl \^u j£j 0\^ 
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4ft\5 .A^juJp t,\j2* Oj-jo p bjf Sfttfj tfrU^j Ojs*u JJH IJU* £j OlT igUjJ' j^rf^ 
OIj— ftkJt di » 4_-»IjJjj .OtJ^J* u£*^ j* ^J* **^&\ <£j^ &\j& CjJb* 

.OUj-jj*jj£Jt ilJLwt ^jIp (*^jj^ J**) S-^r^ *^ Jpjia£ i^-j^u ObJrtj 

iJL^aJj Ay JT i^j 500 £-# b\ 4$TUJl kbJU j& tSLoj^la JpUL* 

.£j*-»f J^ J*l£)b lit?- Sjji 



W 



2l$\jJ\ &j*JS L-ut Wiy ^TUii ibi c-#L^f aUp J-jaA*j t Ljp Iji^j u< 370 j blsT 
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Antibiotics 
f!910 JjLI^V! ii^, 









Jali OU- T .«5L_J-t >u?» ^ *Aj£)n &M j* li-Sji antibiotic US' ti\ 



^bxJUlT -2Ljw U*lyf ^e&^J CJlT gjJl SLt,,.h.ti OLTjU ^iaw J& JU*u ^'UJl <^tiJl 
. *Jli I^Up c^»j IjLT j* d^So ^^J j& jl j&j tlfc- J**5 CJ\^ 4juJa!t 

J U- Lr ^\j ^J^J <£^ £**JA UjiU*- \j*a* \i* aJUp £=31 .AJU-&I ULS^. 

^l t(f 1928 flp JlS&\ o±~^\ \*^ ) *js^ obUU gs-ji .^L*JS3» ^%Jt 

•C^jil J J 1 ! J** Jl ^^ ^^ 'lT^ 1 (£#* 5 ^ oJ ^ f 

J_>^ ttHj*j* Uli? ajjT .f 1854 pu- udt Paul Ehlrich jJyJ Jjb *dj 

r il 3 £ p *JL* J AJif jp- ±>J£\ (i^- tuJaJl J LUJl oUljjJi J&* jjj^jj 

.aJUjJi aJUfc JIp S^kj-Jl OlSU^lj i)\T jJ Ui ^jji <d«r U i>u-J^I fljjf ^iflju Ji5; 
jl-jOhU ^. U J-uJl cJlT aj^i ca\J&\ Ob ^1885 fUJl J ^s\ 
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ij^-j j^js3U j^ji^ 4-l^Jidl dJU* C-^-jf .l^lji j^ j^m Of JJ OLA&J Sjijall 
+ L-ju dUJbj i<jj*sJ\ J*iJ>b <J&\ JU-] Oj.* oUl&t JJ If^j: aJU-T OLTy 

.Jaii < rV M>U aJUIp JJL j^^ 

jl$£-1 iutji ^ dj-Sy j^ji! Jj*" 'J-** j--»VJ\ O^aIi j* j?-H\ Ji*J\ Ja-jljL 

o^J £ f j-^r* Ai>j£ f j*-Jl obUa* J?Ujl 5j& ^ -M^ 0? f^jCl J*** <J^ 

jJI £)U 5j_^»Uj» JaJjJ SjyjJ* ^^ (^ J-**? a^W^ SiU £U*> J ttg*Jo£ j^bj 

5 &LpJ\» 1 5 s^W*^ 5aL^» tJL-^a ^Ip jtJyJ jiM .<wk«d U j^JL e^~J>! 

J tg i£^ Adjjjwj 5jjU 13I*XaI jtJjil fUf cZai c$^t >»ty 'Oi** (j&»ij J£\y& 

C^Jjj\..m lb tJL-Jl j\ s^li .Jbj^TiM ll 45\_^L^j £wa I (3j1p j£ Ai£ *-£>■ 

4_JU-T ^tj_* Uj# t ( cr LLJi) 4^^>l* JpJ>> i^-U jjjJi jjoJI (.spirochete 

j o iJ *u dl Tflll J 4JLP13 C^J jyj^J^ .^W^^ V**OJ *OP\3 %J«**-«J Aib£ 

f\i ^Ji olT^Ii cv ja 606 ^j s-O 1 J! J^J •& c^ji! *^^ ^1907 ^ J 

IX-Jb j^i i 4dUjl CJ*i(jlii dJLto JT Jju -C^jAjJl j^jJ? S^jjj^ uJljf ^ \^fiPxAj 

100 jj» ^Tf <^rHj «0U^aIU» salvarsan gSjil dl^U t<J *>JJ ^*Ap j^ l^^ 

jij_^T jrwUi I^AJ jf i^j-iJi JUjCLU^i AZA%*tj 4iipl3 j^ft OTlsJ aJp AJU?J ifj^ 

.^5 — mPjJJ te\ — laPjj LpLu^ dji-4^ Jn$~j frljiJl j^ J^-5» r Uil ^Ijj Lju»> d*?tjl ^ 
L^U/ld t J^a-J^I ^^ 914 ^ j kt~Jl CJlT t U>r ^» JlS^Vl u>^T ^ j^j 

.«0Ujii3UjJ» neosalvarsan 



j^jHi ^jJH A>\iapj ja OUjiilUjJi Js> jtJ^j 4jyi ^^ti y-T OlS' 

.^jli j* Uli ^ ^ b^e 019 <.^}S i*i}A 
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.4pLw! J^ chemotherapy 

antibiotic ^—t^ obUa_Jj j — «jIa»» ^ £ t^Lljjla g*L*>> 

Cr ^ ^y^Ji viLL- r^^-kh ob**!AJ ^Up^i ftfWU resistance Cj) 

t)Li j j^JaJl ^dak*Jj jlSf ^Jji y»^l t4JjJ-t ObUall y* j&i 4Ptw OOP UjcSo 
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Fault Lines 
f 191 1 uiLS^Iliu, 




.Jai Afljyw ahmJl UJ^-I 
SjJSJJl J 5^j*-j^ ^>W? i>jia>- ^JLaI ^Ip £>A£ Jj*^ t>U *Uj l£jU <3u^ 

£j\i t /9 ciu^*i u^j us* t Jj^jii *^jj^ aJLpj ju-^1 ^ JjL ujui a^jty 

Oj oil j « JL.^1 y-\j\ J nJUUaJl **V"J S-sO 4-*\j* {A* j *~&ji\ Sj-iiJl 

(AJbjk oUuJU j^A J*) ^*W? J?jk^ ij^r^ frUUJl £j*\ tf 1750 flP J^l* 

.4^?j^t Jj^jJl cl>jJb- j-* oJLa ^JUaJi Jpjk>- J?U>U IjUp c^ 1900 fUll Jj 

yt^aJl ja frUJU AJLt jP 5jLp OjJUaJl otTj <£ JUoll J?jk^ cL»jJb- c.,^7 jjjl ^a 
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f ip i&yH) jj+~A\t **x» J Harry Fielding Reid ^j fctJM <Sj\* *dj 
J \ golf? u jt&ty oJla ob cJif t^j-* J Jj^i *u*ija ^ J^j .f 1859 

^^-Jp £*Ui-Jl J?jla^j iL^jty JjVjll ij«~J (I 4 Jl*- h\ J& .IjrjJjJrl ^jji 

Oj— *- 3_*8br J 3— J&l Jj^-*0 jj*s=I^ **** *-*'j k£""» Jl A^^jif Jbj ^Ip 
dJU <Li& U cijJl j* ilUA ^j t(5jJi^ LoLJl j^jo) fl865 flP dllij 4j^jA 

s — p\A\ Jjj Jd& ^ 1889 flp oyju Jj .f 1885 flp WrjJj^ J d^jsToJi 5^ 

* * * * 

.2uJLJUUt jUty J j*- t^Jl Ux$* Uwl^ lib^l 4A^>j* 
h hq j— ft j hj~jj~J\ cJty JW^rj ^*itf jjp Jlkdi ajujIj o^b-^ jUj ^\S 

O^L_5* i-^^J -u*)^ 1 ^V J^ U Jfc^J clit-SJ tlf^y tiOJUrl jli^ll jrfjJbj 

iuJdl ^JanJl jSL^Jiy 0L- JijJj uy f 1906 flP ja (Jij*f) <^W ^ J 
01 — * Jlj — J3 4 «l^ J^4 (J^^l Jj^jJt jP Jjis^iJ UjjaJ^ Wj *-*>>») 

*Jlfcj jSL^-Jly 0L*» f JL^ Ja*- jO*J ^^ ^ *£ JL *^ 1 ^J^J M 3 ^ Jj^ 1 
j_e d^Lrf OlT cijJl ili? .^y-S £jX*p ijk*- ihk£ UjjiJl^J U^UJl aikdb 

?3L>^l Jj^jlt frljj s~J» OlT U :o^> Jl>J oljsr 

V t4sjjj c^^^i .^r^o Jj*il3 &rj j* Ja5i ^^Jj 4 x*^l 5Ljt> AJbjJ Sju j^ 3U; 

01— > f J ^ Ja^ ilJL^U 5JL*ll jjs^flll ^1p A^kp JaiL> CJ*ib- ^Ua CJ\^ 0? Jb 

.A^j^l Jj'SjJ* ^J^- JJ -U»-^a* OUJ^ ^ jf -j^jll j^ Ojyl jSLw^ily 

£ ^j( oaj*^ CJ\T oJla p^juaJ^ J?jk>- 01 ^ Jju li\d t^ J* iJUb Ji Oi 
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^JUaJl ijla*- *Us»1 JU- jisj^l J 54*jJt SJLSJt J*tj* .LfcUw p jj- <uU*o j£ ^ 

C— itf* d^-j .Jslkli Ji* -Ufc^Ji 4-~*» tSils* OUbiL jjjwdl t^c^J CJlT dJLft 

<> 
-JA~-Jl \yt ;^j J] Ltlk» Ja./i5ff jj^t^o)! dJLft CJlT tr \jti*i\ && J-^J oJLiJl 

\~$$ "iHjJj i. ff ».u 

U IjLaj .^p^jJl ^-Jj tJ-^jf Jj^j vi»jO^ C-~- ^1 ^ ^*Ua3i bja* tt)3l 
C. Jj cSa ^>jVl Jj^ jll £>jA* jJtti ihj* CJlT ^.UaJl ijla* 2L,^ £>f ^ 

^UjX-i 01 — - 1^ ^ J* jpji\ jJa-J Ud( 'HUM ? 1906 $*J 
.(f6,4) UoS 21 jiJUfc San Andreas fault * 
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Superconductivity 
fl911 LiLi^Vl^u 




9^a^J( 2£Ul <>«** JsLSuSVi IJLft JLju lilt 

.iJL-a <uL~JI lPt** **jUu *J ^J^ u?^j^ jW> uLJl 4#li)l aJL^jsJU JLo& 

.iji JS" ^j*! 4Jtjj i^o>-j Vl^^T k0>- (J^- Js^J tiSliaJt J d\Ju& Oji Juty 
. J^a-Il J i*\f 4Jl£»?l dJlA ^ j&j taJbj^J» SlfaJ I db^j 

J ^j—*jj *JJj» J u^j>> fl853 fip Heike Onnes ^j? viJU oJj 

JJUil J*- J AzJbjA CjJbr t^U-Iji J^U .Jp*>U) UiMW CJn.1^1 JU-i $JJ~* HJIp 
td^^-P AioliJl j^» 4P^L ^ Jd .Qirflj A^Url 4a*i1^ J*>U otsfll j* jkifll JLjUlf 

o\ tja£\ 4*^>l£ Jl *ifC»j 4->\j-flJl Vj^ 1 ^j^l *-^ t)^jJ* £-*»b ^r^j^ jv^ 

4— ^-ji 269- jf c — Mjtf 4_^-ji 456-) Sji^-l ol^-ji ja \jjS\ *jjJ-\ ^tfj 
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Lord ^>— iif ^jj-^3i Ji j* Jl^\ J& c5jil\ J*-b &» -l^a- oiT^t ci5js?j 

. jUaii yUJt jf jaAT A^y jA~e ^Jbj /Kelvin 

jilf ^jjJ j^T . jtfali ^a^3i A^ji j* uy £>Jbi u j^jal SjjsT ujy» cjju! 

y^a_Ji Jj A*jl5il JaJl -^^i^Jb Ojy^T j*T U*j .AAA ^ U Jj OjuT 2Ujl2Ll 0j& 

. jU^lj j&xJ&S C^ Ojb^Jl oJUfc a-£j d\j jUail 

<^f J *^ (^f Jbjd JaS A*jfc> iilJb j& f, ij .aJUsjw ^)Ua cJlT c Jb- JT ^ 
frL-tjjflJt f- ^— aI UJj ^jf OlS* t Ala*- j*J- .SjjJLmi 269- hrj* J* Uji £>&• 
j— d» Sdtis *>*)ll 4 il£»y <K ^^a.jl .Lsr ^j^ J?**. ^J>» **y <^J cOJb*S- A**l£ 

.AJU*i- it 

Jl U^ J-tf AjijI^ Obr^ ^Li Ul^U y b£ ^jf ^» <fl907 flP J 
3 — l^ 1 Jl jy £-** f^ 1 3^ ^L^ **> ui^T» tf 1908 fl* Jj .jUaii >*Jt 
0,9 Jsr>> Jl 4* J*pj ^ i^jjJt jftfJl JiUil Jbjy J ^&*j Of £lksJ f ciUuJi 
^^-JIp aJjO* ^jf dy( IfUil dUi ajI^j (J^ail y-^ 1 t5j* *r>> j* J* c?f) j*^ 
c3juS dJUij jfliS* jLp jP i^ji a^-jJJ i^y-f >\y Jbj«I JJUJl f jJLAl lift Ju«-*1 

^ *jJU 0^->-j *lj»-t J^ 5yti ^Pjf j^k 05 ^jl 0\T t ^191 1 f Ip J^U 



fr U^i3 ^Uji aJLU-i ^^1 ^oJjjl s^ J ^Vdj ^\j«* :(fl907-1824) tf& >jjU\ * 
William t)j- — *js fL-Jj ^S-5^ 1 a^i .iiikil Sjlj^JJ ^^iT ^U* (% -w? tSjjljJ-t ^L*bjUtj 
£ Ji jfrj^_i « ( ^1S'» Ui .aJLU-1 S^JUJi A;ljbi!j t^j^k U^Sj ijjiJU c^iJ ^j .Thomson 
W!j c^ ^J^ 1 ^7* ^^ ^^ cAjJLdsCVl j^-»*Ap Ajwbr j* Lj lJj£ ^JUl ^^dlT 
.(•*jall - ^'Vj^' J»>laH ^'jS^W AJ*C *|^ J Cwasii ^1 
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iwjliU ^U) S\Jjo iLsy CJI& ifeL-ty Ut ,<->jjty ^M lalT Jj iT^Ul i*jj 
. jjjh OjjJ jaIT 0,9 fcrjAj JiLjt ^ jJLil J**u*l toaUJtf'j .JJO^t 

a*j* 229-) jaIT irj* 40 j* J5( Jj ty^-l a*^ aJ Cwa&M ^JUi cijJt J 

.jLpii JkAftj iS(*i iajUll cjbM jaIS* 4,19 kryJ Jj-^jJi JL^-j cjilT 20 kr j^ 

2*^i1 J* Uji J^ap-j ifc*5Ul aJLUJi ^fity ^» J^ tj^ Jij^Jl ^jt al*f 
^\rf£Jl jUJl3 .frU^l uU'i **jtf* i5u* j£ jl cjilT A5rj^ 4,19 cJ- MM 

^_*»l 3jAL_yi oJL-fc ^^ Lp ^^s— »jf J Ik? ! J fi\ Jl 3 IS^p i>j^ <jj~~~> d\£ 

.«ii»UH 5JL^jali» j( superconductivity 

fl951 ft-P jp- (lUJl JasiS .fe\ hjaj ^U (JQi JL*u) 43U^Tl f U Styp U OU 

.iiilili SJL^jsJi 3y&\t rj*Zj Z~&\jj kj* John Bardeen jt*j\* ^yr f*^J 
Vj^j jiSl) JU-I Sjijly- oUrj^ iiiUJl aJL^jsJi jJ^uJ J^t at£2 d-4 id! 
*j~*— 1 -(4jjJL-» ^rj^ 131—) jaIT A^rj^ 138 >» J 1 ^ 1 1/^ 1 .(*#UJ* V*^ <>• 

il— jj>J* ^J-^v4i ^-rrfJi^^ 5 *^ 11 cCERN bjr* J :2LijjJb ^La^ 



Tatyana Baturina bjj?u uyujValerii Vinokur j^>J i/jOii ^ J^ UJ^t ** 
^ iiib* OjSj Of \f^c Will iL^jdl OjSj Ot j^j: ^Jl 4-ftt ^ 0U (f2008 J^t) \jt-j* 

j^wJ^UH oe^'j oU.,m -■Vi gtj-^J 3j^-i iPl^» J 5JU*u*il Js^jsil ifljUJ^ i\jli jijP 
objikji aipi apup j Jijm^ii ifljuii ^»jii j^-ju of j*jii j* tUj^j UsiJi aj-ki^ ^^ui^ 

196 






197 



Atomic Bonding 

f!913 LiLStfVI 



■ • ■ .' Niels Bohr j>ji** y.ftfiffii #* 



J&ai ^Jj^T «.UIp ftid .t£ji j*-£ ilP ^rjl UUb 0^a!i ^jj** <£j^ C**csdt 
J_fe j& .iUJl IJIA SOjjJrt bjad\ uil^jty aJL&u ^jjijijj c)j>ij ^ji^J Ji^^J 
I^Japi j* tJl^j 4l^f^Lj J^ jlx^j JlT Uj tSjiJl c3**p j*-£ L*lf JlT U oUj 

. jjj-UJt &Jl\ *Ak* frbjJ J ObJ^cJl 

- SjJLJl 5lja Ja-£ ^j OUjjS&^J ^lj ^ijfi Jjt JLfajTt j* j^* jJU JlS* 

j* bJLP 4*^1* cJb- .43lkU I4J& OLUpj t 4*PU-i)h l^kUrf c^sTj^ tl^Jfy 4A^fc> 

cOL-ij^^U ^d jl*- ^JlHi AjjkJtj o^Ql *j*sJ» OS J>* £* *! .^Ujj^tyl 

.^j^Jl j-^*lt j£ 4jjuw9 J 4*U Ojk*- JUlb lk*3 

01 — T JL5d —^1912 fip jdj-JjJi 1-olJi ^ju=i ^ Niels Bohr j>* >M OiT 

ObjkJl j^* <^Jl£ t<Ujl£ ^J^-J fJi .ij^ytult iujiJl OUtJl j* ^LJl j£-il c— *>U 

ijU • Jbxsjj ji^a-.u Adit oaL^ djt*u J jfioJi Ojjs^J^ oL aJtftsJi iL$L*^1 

ciai iJLa ti>jUs jl j&j .4J1M oJLa J J^-wa^j jiUScs^ SjiJli .51^)1 J^b Jj LJjJ 
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*HJt JiliJdl cJ&~- JLid .OlJajdlj OUUt j^ *^Lr ^J 4j JJ| Ojl^Jl CJlT 
j_P tJUu oJUJlJrl JjliJl]l OJU* 14 C*PjUi ^Jl bljjJt C-»\lj titjJJt OloUaJl jP 

.AjjJUl Ob^kJl *» t*lk* OlT OUUl 

C&ftij-J- cxr **b* J— p lr-* 'f 1913 flP A*-jjOJl 4JlJ- fJadU jjj s-Jb £* 

<i*j cjiT cjIjJJi Ob Enrico Fermi *^ji j£jj\ J*rj ilMjf ^ -cgM** 

j_& i gU-J^M U » Ob ijj^ji .^a* JT oiji 14 £~^ ^^ <^ ^^ ajl *s^ 

5jjl oTft L_klif Aikstil j-^bJl Oj^fclj .iu** SJUoaw CJb^a 3^b- Oljj^ j£i 

1 it Ljlt -j4**j jl*sj Of Jb *i dJbOJrt OblJl dJlA Ot <L* Ai^jw J& s-Ij dUij 

c^ i»l L3U C^li 5jsi ^» ^J* bu3r Ob^kJlj dbUl oJLa Jjjo jjt Jlj U j 

.ILL*. JLiadl 
Of l$_ ^j: U 5ji SIjj Jj^ jjju ^1 obj^^l Ob jji j>j&\ tdUi j^ *^ju 

^^ — LP 01 — S* tU r if jlJLo Jl jiSJl ^jij .Aa^ iUflAw Olj^JU j-w? iud j^^js? 



^j^j ^U* Jjt ^.j-Ju ^_Jp aJU* j^lai Jikii ^ujj :( f 1954-1901) ^ jSiys * 
$jft_j>r Ju .3-JUfl^^l ^^*j <i. y * v«J r\j Ajj^JI ftVlj**!^ t^' Sij^i y.^ J **Ui (UlTjU^j 
.^jsll -j2*i ^UAJi >UJi J*p aJU*J UjSi f 1938 fip frUjjiii J Jj^j 
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.(AjuSJJ ailbll ja J]a»-Sll ?J*&h ^JjJ\) AdliaJl j^ iajO 4~*S" Jjfa 0? Oj^sS^ 1 
4ilkJt aii? ji < y ,.„„•?<? of j c4JLJLo)i 5m£i oijioll oJU u*-f J O^Sj of igJU- OlT Jj 

uijUsil j?xJl ^U lfr.ft»j SJL^Il j-^U*it JpLjjI c~-»j ijLf £-^jf Uf ciiUJl 
^ij *£ \— j»U- fc^u^ fU^j cAi^Pj jjd Jj-jiJlj JJL^Jb jjt uiLS^S*! JJjL>1.<uIp 

fty Manhattan Project jstfu £jj-^ J^ ^Uij ifi~£* 

OjJ-l J^s- SOasLt Ottf j)l JJ j* 4jjJUt JjLa)1 jijk? ij^Jr jliit 



9 
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Isotopes 



4Mmj^^ s**& ***** J£#>. j»M»'*JMA3»i .teu 






% u *Vn\\ teW &** &\&&*\ ill* dij liU 

^j— ^ j»*> j^ ^JLLc .^auIi dOI ^AJL5 Ailatf Ji£af ^ U j -^p yUai 

J CJ\ tjjjJ\ J* Uiis£ bUP j&j c^^U^S?1 j^xU AJb^Jlj 4Jk>^*J 4JU^Jl 

.*U-<Jlj *b>*Jl fjlP ^ »JbO*- t^bw y\kJ» *JLi^l ^^1 JLiJ .Ulji ^jj 

.5 jjJJl 4*JL»tyj SjJlflJt jijkJ byfcjr UUf yikJi i-»lj^ c-^v^f .aaJLLI j-^bJl 

S-j^oill oLiJlj dj>/Sl gijtslt 01 d\b WrjJjJrt ^ J l^u/f yikdU <if US' 

Jjalf L-i U S^^^ J f 1877 fip Frederick Soddy <p>- dbjJUji oJj 
^bc- ^i\ JpUJi J j-^bukT j$L/*p A**!*. J >„.a-j: <pj~- JJ ^1910 fl* Jj 

l3j *j AjtJtll j^bJl CJlTj .SJUbrj 4*s£ JljJ *S Aiuill j-^LyJl i-»lj^ CJlT 
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.fctJLJLl j *bdl ja 50 J] 40 ^ »j? \/j* u frUJUJl Olf ^UaJl liA tf> 

t^jjJLJl JjJL-Jrl ^g-JlP 4*Jidl ^bdl oJLft ^Jr Ul£* 12 Jj 10 CU?r!j7 j£)j 
CJlS* -^jj*« jftP U t_~«J -jl \stl^ t>lf uflJjld c$jj^t Jj^A-' £>' W .j-^UiJ 

•^JJ^' Jj*^ S^^J J^ ? J^ £** **~^ j-^U*Jl 

j^UiJl <Ji=* J* £jl~J gyJl &Jj*lt Ajji OjjJl Sfttolt jJlijJl i-nt^ <^>* jj> 

i its* j) i^-^a i^-i J*£ cJlS* UJf jitib jl a^-ji <(Upj i~jj IaI( jflb) **^t 

.IJli djJUl k~k> ^ jJJJ jl liij tiaii Jilb 
l*J^\j iJL- 4mJi Ci3* ^^3j lf-»l«i J& Usf if lij jJlfl^ t*JJa£ jl I4JI* j^» 

iJ^f .iJU i*t£ A&J CJlS* U\f tU*> Jitfo ^» tfJb iLjLj U Sji CJIS* UJLP 
jrwU^t $> JLiSlj Ul( i£Jb djul .OliJb Vrj-a i?fa£ uUT'il <uUL» IjLa jL c^^j^j 

OJ ?r\j> ^3 OOP j^UP Olji Jj& 01 Jb *S| 4jf SJa*-^ dlft j^ c>^>*» g^^-'f 

5 J jiO^ ^ J£ 3 iUkp OUflJ J**a^\3 .c^jjjJl Jj^Jrl ^ AAlatf Olib*- OOP J 

Olj^ il^bol p*j AJb ^^lai (fl859 flP Ojiji &j>jjj ^jr-J? *-^bujjP ^AJUsTi) 
JjO-Jrl ^^.Jp a.,„ilT.< OL-JU^ lA^a?-* Jb)bj 4ii^ Jjji 3JbS3 f jij^j ?&\jj^ 

.^^ s&jA\ i^ uT Jij? *i cji^ lili ^jjJi 
JjJLJrl ^^-Ap J\_^ll ^ JM^I o^lj j-alp ^ ^sTf aJ\S^J J^ iJLft J^ 

,^5— Ip jT\ — af cJb-l <jjJl j-A^Ji oli jt-J ,^1p l£*j~> jltf -t^ 9 ^ 1 j-ajJi clg^ii 
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<0 

litfs-M t«yikJi» j( isotopes— 4 j«a*l\ dUJd «(/«Wi» ai&» j%* <Sjj^ Jj^- 1 

jijUL-jyj JJ^J— -J <^— ^L^ 1 ^V-^ 11 t/»tf t(fl913) (*U5l ^ Jj iUOm 

^u_*y J1«J» jp a*Ui ^UjJi yUaJ i)JU» aijj^N Theodore Richards 

.<J$j** *ij& <b**p C~rfj * jijJ^J ?Js>\jJ^ 

f« — «d IU£ ^islbj tp>-> frUass-t ^wty ^Uf (f 1932 J) Ojj>j~U Chadwick 

.^AjJl dUJU IjJai jL* JlJbj SjJUJ 
jiLJaj JUju— >li . jrflJl ( Ja*a ^dj» U jiJfef yikJl t^LajjIa JpLJL* 




OIJUp j 4JU*uJl1 j^W'ty) **>Aji*.MJ fr |j^ i^laJl J^-l j ajUIJ i*U OtfJaJ ijulil yUadU 0) * 
fljj^l C^LJ* 4ji — 5»*^U £%dl) i*-^ t (*ijUl hC>% ^*~J U jt - ^Jbxil iO^b ju^\ 

ouj£. Jbji^) aJLU jt ays* iijui! ojuJi ^iyt £■***) iUxi-ii a^u^i a^ty jf ajit^i 
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Earth's Core and Mantle 
f 1914 L^Lf^VI *i^ 









c^ 5JL15 Juf j* ^^ oU? J^y ^ jf jt>\^ j\ iSy Of J-*«~ii ^ 

.^-^m jfcuii 4ijl a&jb 33yd ^^^i Oji *>j&j 

jL Cjf 43U*f t$ .«j*>j^ H-SjT jkLj ^^k^ J-U? Jjf £>*jP j~> ^ 
Jjl £ >*jP Olf .Olii? Jl U-*&* £>Jj ctoJU? UJb^j» UTjT C-*J <j*>j?1 

Beno f >jj— p j_~* J* i> cUdb oLS^jto hjjs t ^1889 ftp *Uij* ^ 

j-aj .Jjfc.wli J bj^- i*u?ij ^Aj.,4 4ib iij^i diklj djit JL» ^b Gutenberg 

Lj^pI JUbl * t f 1907 fl—P AjjJrl ^UjSi phi LjuIA-I Ai-ilji J *J ft* yUj tJLjl 

LjuU; 4 j^jJLU J fate . J*l£lb >b*br piftj P ji Ja&tJ dj& A >Jj*J CJlj 

Emil *^j&£j J- 9 ! ^j-M c** ^j^ t^i^ 1 ^U^jSi ^ J *<**/*< i^j ^j**^ 

(♦—Lp -(^jJj^ s-Ji) Jj^jii ^ Jjjuii ^Ui (.JUJi ^ijj o^i cWiechert 

.4^jVi otjiij Jj^jJi jp **Ui obrjli 4^1^ 
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tji) 4_ijJri iUj^l pi* ja Sj£ & £>*> ^if tf 1913 f\* *>rj£ {&■ 
J J — srtjsH J* H\l* villi aiT Oil .(j^ jb\* iwlji) j^j^l tbjJ ^ J) (jJr! 

.u^Adl cJjJb Vw»Ult £>l&l 

c*JL-?rlj? oil .JlSU J5* J ^-lisJ LilT &rj<M 5jjS oljit cJlT U*up jp- '<j^j^ 
jj_ ^ d»jJ-t Jl£o ja Lijb p .JL ™ >j» j£ ijs> cjj*a\ shadow zone Jfe Ait* Uji 

OjJi, — 2T J* — ftj jJj <j£j^H ^a*J tl^tJlT <j£j^M XH 3 * ^ ^J^J* j^~*\ 

j_« jt*^ cJLll j£ 4$*sll **}\JJ\ Obrjll Oli 4^ij-tfJl lift 4*wa* L^sil jl 
jl .«2lz?j*~A\ oLrjlb> jf transverse waves iS ^j u 0\T ^>$jp lf-»ji g^ 

OL^-jll ja ^J ll il^ll ijJ-l obrji jp aJ\T c*UIj dUbrf ^j~tj* *1)VS" 
frUiP l^-» ^* *j±\ b\£\ j!& j* US C£*3j& 43^*j j^3» M^J- yijJjJl 
.*A^ 2100 <^jUi \Ja& t^>3j* Jtf c^j^t ^JJ 01 . Jj^jJl 

c^-jTjaJlj ^1914 ^lP Jfljf J U^( JJLa-T Vj^fj OUUJ-I dJLa J^ fr b 
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dLJi ^ .f 1938 fl* Cft*- <> J3u4 jlj jjiJl jjIp £j>*j* ^ij^4 Jj3 <? 
j» y-T ^ji) «P» obr^ jp *\Ua* l*\j* Inge Lehman OUJ ^\ cif c^uli 
^ ^ -f 1914 ft* *U«5-il dLb j* jt£j fjjfaj jSSl otJUCj (SJijJjJl oUrjlt 
^1 — ijJl c<m. 5 UT tJJLi ^rjl^ y-Tj cJL* ^b cJ J» |»Lju Jpjty sJ 0? 
j_p aJ *H\ UJj^p JU^'i! IjLa J«5l AiJ .^jU- y-Tj ^b J*Ap Ji U*t 

.^U-Jl c Ul y* US' -IJUp j^jty SyJ jcmj xILojj^ #it2** 

t(j *> UbT j-u> %90) c L*jj *^jl* J^U^U^j ^J 

jJU> c-ijf J^ cT^ ^ J* -*^ *J^ ^ <Jl lift-* *J^ ^p">** 
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<£>12U uat>>u¥i 

Continental Drift 

fl915LiL&£Vlliu, 







■ • ...,. 



S^^la^t 2£UI {y*± JiLlISVi \J^ Jju lilt 

_j *i -jT\ * (l -^sr M^ cj^ ji?j^i 01 frULJt J&&\ iyki *JUw^i JJ 

jjp <Jyv3 Jpfi\ Oljtf jL cj-aJ JUyJf <JU^S*i ilS . J*Lj! J 0\T UT 6H\ dJbl 
4_-jflrj)jJrl otfJJl ^^V-J <-r£j i-'b* c^ ^^" j Ob^kJl JJ to.f j&l 4^j 

. j^j^l V*j& <^4^1 tnjd\j iJljiJ Jjf jL* US* .<Uj 
cJlj^Sl ^ Jb- <ji> .iJLa Iwjj J! JJ^r £*y J»j5 *i ^Ja-Jt <ii 5a i^ ^' ^ 

Jl—li ^L^ry > 0\T .^ ? 1880 f\p Alfred Wegener y*i :>>)( aJj 

J JUJ t 4— jtj^ c*a* .«hX»Jr\ aTj^U i^y ^u 1 dLUJl jtiP)) 0^ AjjJtI iU?jSl 

^L_* dJLJij c4— ij£-1 OU>Aku*i^l u^b*^ ^^A? 1*kW <i! jA-Jl ^ JA* 

.?1908j 1906 

^j-Ja^JJ JUO-Il J Adl ^*i Ja^ tfl910 fl* «>-» ^Ip Jljj H U~j 

Ja— rt*d cr* jy 'J 1 ^ 1 ^w^ tjJLS j& (I .LA^fj is*>Jfc-1 ^»y^ U^UJl 

.«U^L J^ ja Jjf JLTtslU <5tf <U&j cJ^UJl 
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sr *— \bH\ ■k'— *-*U 4jjIoJ1 JjijJl 5*U^ 2Ja*£ hj\yf- O^fcl c^191 1 f IP J 
Ja*-^f .(OljtfJt jP ibrjl*- JUC 4**xk*» 4j\» C^ *-^J*J Jp 5jLP -J* 4JjUJl <^ji^l) 

iSJS\ £\i> ja ^ JjaM U&jijj ^j^Jri l£^I ijjtfJi (Jji^Ji ^ UjVkjj Ia^U y*i 

dlLf CilT Jlifli .Ja*£l JU>»( j* <J^T oJbu 0^1 oULfiAw Uif ^j -U Ujj i#kiy 
j— p LJ^Atj iJ^cJ jl OljUJl Ot \jl* *UU)t ^^31 lilt l$*j3 ja SjjJbr &*-% 

iJy *u 0lS3 ^Jj c^JLSll OUjil J ^j( j^^r ^j aJU^U jJkJ j*T 4JI*- ja 
f\_j£ J j^ .IjuST I^Ap jiw i ^jilf OlftjJSJ jl^j kjit L-^jf J^ *Jb OU^ 
CJlS" crtjtfJl £>t c~s* k*\s J-b Xj-^J Ailsjtf j^La»j Jj£>- <^1p JUau o! f 1912 

^jij^)! Jl kdl £_*»1jJl ylJLll J**Jl j* A-^jJjJt-l tfUU pka* y*i iJ La^A 

ibj..?? o \ — 5iikj ^j — - (J^T^ cy-^t jto OiC ^ .Eduard Suess ^j-* 

*J^u ^S\Ji J*rj £~r .^tJl Ja^i S\J&>\ JLp JajJt l^u C-ilfc ^3 0*kj\j 
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*-^a U Uji dJbxi* AJU-iJl l&yf CJlT i^faui) CMjlfil A3lT Ja«J 4^^ J *ltjt 

«t— f u» jf Pangaea L^JL^ jlkt tAjuaU SJt*-ij SjiS *}&j> oiSjty j* cij J 

oijiiJi us cJjf » ^» Mi&i ^^ jp j*p g^ Jar jSOj t^jtfJt Jij^i 5y*te 
yiJ\ £\5 jLi^ii Sybife Harvey Hess iJ ~» Jji* ua*^S*i cUIp &oJj \aa*j 

. jJLi AaLj Ajjlaj J 6jtil\ dJUb ^UJu S^j 
j— e if U t( lUl1 J ^Ip^I ^t f IfcJl t^UsAt .Sloj^ <pLL» 

.Ci** 4^ t)jJU 40 JJ U> </^J t(*i^ Sj^Il 
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Black Holes 

fl916cJ>Li*VI 







J j lIAjJ* OljT^ OiVj jTuf frbj-Jl Uj^ll 0j& OS .4jjUJ| f^^ 1 £s* l# 

jLJi aL>x£ JjL->j jiajJt LaOju .ja^\ 4jUj AjIJU Jl juiJ J&j tSOjOsr ^bu*)) <jj*-j 

*bj~ \\ Oj&Jl Ob Ojj^ll jAJi .*j*flJl APj^ j* ^j-^ J*~*^ ttiJ&j j*j)t j^P 

iU^wl Js> d^JLftJ* aJjJ Oik**** J**si cjjiujl J 4d\kU ^l^Jl jJUall 0j& 03 

J tL-fa-V ^^Lp f *Sljl t£jk t(n£* j*J 5bliC cJLTyb 4tbj-Jl Oj&Jl CJlT 
Uj*- ^ 0j&1 ^ j£ SjLr 5jk* ^JUIb jii ^3UiTl3 .^jj-ijJl Oylb dJULdlt ^ 

.4*~*Jl J jjbJLjT 4j^iaJ 4*t^ ^ *kl3 JJ*b Jifj 

j_ * ^ dt p^td! 4->ibr c^v^f ^ld .Aijil^- cobjl (pjstdl u»s& UlT ,<tfli JU- 

01 — Si c Jjty uf .SJ^ jjJIj SjjAJi y&ljbJl oJla JlJ^I Hjb Ob fc l 0!)brj JU 
>j* Ju* .Karl Schwarzschild jULJtjjyjiAA J^lT c yLlty ^SH\ cSj^udi ^i 
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J) 5^-iP 4-u^Ljl j«* JJ& {, j»j ^rj^jlt fj*Jl 14 ^5y«J <&Jl M=^ ijlili 3jjlaJl 
jfrj-A ylftl <^LBi £*£» put 3^1* jd.JJjJjlLi ^t cfl900 fUl Jj .(f 1889 

JUjJM c5 _1p ^L-L^l jUrl £. 4^0^ fr UJij t ^1916 fl* J .*UaIl *UA jP UjjOj 
J jil^—^T c/tfaliu Jji ^ Jjl jULSJj?jlLi 01^ t Jj^i UUll ^>* J^ V-jjJl 

ObU-?- Oj_ ^bf .(O^l APj-t ^JLf) 4^3^-1 dti jJ ja CJ* Jp- j>Slj j$\ 

S_ JU *i Sat a j-ja Su*-ij && Jj JU&jj J^Up *4& j^ u^lp 4iL jULiJjjjU-i 

p £ tj&fe j* C^^l 4& Oil fr^ *>! .frj-iJi **j*» Jjfc-» 4ft\dJ 4Pj^ 0L9 c4dli$3l 

.lift UjS* J bj^ft* Oju ij ^ybM JL3 *&L&\ jf *— Jrt 0lS*J jA-~a y^lS . jl^W 

c fl916 f»L-P ^j— »ty c &)1 fj j^ jULiJjjjU-5» <J-£^f1 tObLJ-l oJuS 

j-Ji .W\j^ ua*-ijsi j^jji of 0j^ t «L^Uj» liu^fi 01^ fri^j^Ji ojHJ AdL^Ti 

j>— *Jt 5jl^ dl jULijjJjUJi ^ jp bJbr *i^Jb Oj^xJUJl 1ju t Ulp i ^w> oju 

OL-Ty-i ^*sy Oj^lill f\S t^j^tJl fiii frU^-ij ji-Jt AjuJt.* f^ 9 ^J^l J • Vj^ 

c^^_Ji j—p AarU Uf JU> IajI^i ^UUj i^jj ^^f £\ fygjl ijjk jji\ 
p*\ John Wheeler Jjj dyr ^1£\ J**A) .^j* j* jji? sjJ i^M ^ib^Ji 

a*_iSU d— pUi ^*i_d! ^t OL >j jiy obL^ c^f t? 1971 ^ J 
dl> cJif .ij^if cJJ Jj»- jjju Uai OiT tCygnus X-l l-^-Sl tr*^ i3~-J( 

.i5^1»)li J^ ijj cJJ ^f sr ^a v^j fit ^1 Jj^i Sjli 
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J— i j* dUij t f2004 flp *i\ iiUll uy 3^# J s^J ^Jt JU^ jjfcdl ^ ^l 
Mark j— £ij iJjUj dj~*\$ji* 4**br j* Phil Charles jJjUj JJ jj~ijjJt 
&— iu j^i? jpjH\ q* Uj^p l^> 6000 a* J^ jiTj cUjjiji ajwUt ja Wagner 

.*f 1916 flp dUij cUJ^-t £3j* JLd£ j& c*5j 
OLJ cf2000 f IP j* (j^la) yUll 0j3\T J U2^ ,12LflJ>k J£La» ^-_ 

J_* Jflid Uj^ 9 li-* 1600 JJU ^ £AJ jpji\ j* ^j-»f v^ Vj^ M / 

jj— £ L_pW*V *bj*Ji ojfcJt dJLA .V4641 Sgr ^Jjj j»fi\ 9 

J 4d\i$3l 4i*UJl *bj*Jl ^j&Jl £& j&j cOly ^r^ *^ Lr +£i\ 

.C>\J>\ ^•AC ^^uuiJl A3UT IfitiS* JjflS OSj Ol^fcl i^q^ 



-(^*>LJl <l1p fcjjif ^Jb (Jl ^JUl j?J>\ oti 4iL J-iyc £-*-) t->jjtf j^^a ji pemphigus ^UiM 
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Insulin 
f!921 ^l^*vi 







itfi^ OU1jJ-1 j*k£* «3jUaP» JUjc^Ij *Jlj)f to^b ^ub dbjJUy JtAsSTl 

^ £*■ 2j\u ^jSLJl 5-JT 0j£ Of 4J 5.>Uh c*^r cij J j .Ojll jfl^ j* ^Ldt 

^IsiJ jP <u3jj JUu ^bj^Jl Ad-bj j* jiajj^iiJ Adjyto AJL^b 2bf <L3 C*jIPj tOjib 



j>j£—*j 4jli ^J* <y £JUi t^^Ji jj^S3i ^i^r frbr ^1921 flp JJ»jf J 
J 44 — ^ s^&L A-if cJ\T -5j^ Frederick Banting £~>b £l*jkj iW* 

.^>~Jl frb j* Jy^ cT^j^ SJLPUd to^b uufij —*JU&-\ 

:#M diJi Uji lijjiw JUt *UJ ^JLi dULdt OlT 

4 JL^-lJLtl b*AiM jS3j cAjjS a-*-4a cMjUap j^J ^Uj&Jl <y» ^rj^t b^\ 

*♦ * 



213 



aJjMoJi L£AiM JJ ja j^li dy>ji>\ ^Jli syrj Oj^ fOJl jU j» brjl*- Jn-Ji t. 

OLJ c0j_*jA1 dUi £-^ jP U ^^Ui ^bj£J Aji^UJt U*AjM ciijs? U>Ua3 

j* lb 1 t^TNja c^jj»JLS^ jUJl jv-^j <Wbj c^jJt jj» j^wJ' c^t-t jP Js^ju ob}U- 

J j*>c*£jl Jaw j tuiUi^JJ ^Jrt ^ycJ , JjJl J S^bjJl jjP Ai* jtfJbxJU £3tSoj 

'*~*J*-dP m ***** 
U ^!Ap vW* Jk J tf 1921 fl* jSLJb j4jj*U l****- A^ai Ojil OlS* t 0iJ 

(«5jl„n »ll»— j aJJ IjjUI c^JJl) j^b^Jl Oj^ya JU- J^ai-1 OjS?-LJl Jjb- 
b^t JJ j^ djyil i^lil OljUuJl 013 t^b^&Ji j^t JLP ^j .OUljJ-l j* 

a_JI*-uJi \£&\ JJ jp aj^ii Ui^Ji djUuJt cu>L» d-4 5ja1i j* cJlT M\>^t 

.Cp» itebas-^tj UUju*»I JJ 

aaj& j^a« aJ ci^?j Moses Barron Ojjb cr -^^» jjsTjlU ^UL» £ab fy 

4 s^rjUJ-^ U^M J>b O^^ii 03 AjjaJI j^ty dJLft CJI& .*bwty Jl ^bj£iJJ 

.cJ&f-j oUkii 03 b!AiM Of li^ Jji of j& ^f .lyJL^j 

JUfi_*- c^-^J U OIjJ- 4^jl^l ^/b^SlJt b}U JJ *U*J 0l£»J £sib JfrUJ 

ja SyUaJt oljidll Jaj^J A*Hyr aJL* JaPI :AjU&1 aJ lc Ak~*j ^^ CJ\S* 

.CJUj CJfcr 03 A^jl^-I b*^l 0t Jifj tAJli» 

*i OL-f Oj ^j 4J&I ^bjSlj JUa« Of «Jb Js> 0\T tAJlj A-iftP J Jjc^f 
ji?j_^ ^U^J Of aJp 0\S*j .AiuJi UjUflPj 5L?JJ SOAdl aJjMjJI b^i ^yi Jljj 

.dU-1 0J JU- Ato) 
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U^ £l\ j&-\ ^ ijj3 aJUp frijsrfe £sSb *bii .Ojii JJ jiCJi ^y J^y j*^ 

j <*__*»03 ^ ti3j5 c <.&j~£> j* cJ^Jt J&«i1 Jp- AJaJi 0|^>U tSj-J j^il i 

c lS3f ji^^Jl tfj->f U* .SJLJl JU-f j* 4Jtf jb-jJb tjUj cJa2i ^L-> Oj^aP 

.4LOj ji^Uij r LJb f*bj 43tfaJb j*£~il 

ijjj-jj» pj ojUfljJt ojLa ^ John Macleod ^>1S"U jj*- jjsTJi jitf 
5— fiijb j— p u* ^b jjsS"^ £• UjJ J** jfulJi tje^ 1 J^ ^j t*«insulin 

dj_*P j^ 3y^ hu\J\ J ^ Jlf &f 1922 fl* J li^Ia JpL2>- /T^ 

£■ l_»J j_* Jjf type I diabetes j£~-Ji *u_! I ^\ j* ^bu %S ;, y 

.APji jj» Wj*** b~*£ l^u?- j$ktj t^Jj—J ?b 



V 



^L_t Of \ — Jp) JUms^i j 5ji.br jp ^1923 flP (X^JLjiJl jl) ^-iaJl J Jjj* 5jjbr lab-j ** 
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Neurotransmitters 




( ^-J» LJjjUt <Jl£sf 1 Ow ihjj}\ AJLiJl 4pLw?j UljjJl S^Lill **Ji j»jP ^Ip 
O^Jl J*>U |»i*U ^jAji-l oijjkJl ^ Lb-lj ^UjU 4~**ll l^M f Ifaj \A J-^j* 

if—i) j-Jfj( vJU— £*1 t^Jb-f ?ui/ j£ .^Uapty J^- j* frUapStj O^UuJl 

Heinrich jJjLji->lJU J^L-a ydty g^i <i\P oiT ^ 1888 j>\p J 
j_« alv? a-* a£ — s» j* JAja ^^fljJi 3I4J-1 oL ^jsit ja Jji Walder-Hartz 
b*&M obU i>( gaa-»» US' .«i~**)i u>iM jf oC*i)i» neurons UiffM 4 b>M 

cf 1893 ftp Jj .Li*3 ^^b" Ol t>ji ^j JaftJt l^a« j* <~>j&> SayLlt iL*a*)t 

o^fef i^fcM ^aJ so*!? **> Camillo Colgi ^jT ^LU^ ^tfetfi {lull ^ft 

jl lij .4*JUI1 hi*>jH\ J U-ilj ^JLr c JU- if ^ t jJjUb-jOJtt uiu^l £*JU-t 

0? JyJi— » *\ — <JU)1 ^jiajw v*^ ? c^ £• J-^J 5 * ^e^ 4 ^ 4,,,^*ll U*&M ^^tf 
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cLJ?Ujl J^ jn f. Hlfc UW aL^ ju ^ a^^ajJi oljU^I Ol Otf jj»y ^ibr 
^l j^ij— iJl ja iJb-f Of 4 iL jJaJl ja ilj laj .Si^Lll 4 WN gt.ll b*&M jy iu* Ub^ 

^a_t Of ^jf .f 1873 flp uUL Ojji^jiy J Otto Loewi ^ j?jf jSj 

J A^-W Jbu .cJJl US' J>03 UjIp JaiLi? Jj ^j&J\ ja \Jj J£ f. ti\ ty LA \*j)a 

Um /?f Aif ^1 .OjjiSolj* 4jjil ^yLfa,,,^ J ^ J-** tj**^ j-^ ^^Wi *jl~^ 

Jj_^fcj cdLJjJl C/tfb* j* li j-^p- ^ ^1 iUpty dUU JS* ^ yt>j 4A&1 ja hy> 
Oj— iLi t^tf* .t.,,,11 iSjjf ^ c-*w? jiT AJ^Jl Olij J~Jt ^fiy If^lP ^1 oUUil 

. JViij <JUi r ^ Oji IpLJ f$i»* 

.((•1920-1895) 

J iu £__a3l JiJ .^Uipty 4^ji J^ <uUj*1 jJaitB <^L1 jSj 4f 1920 flP J 

j-^ A-jjy j_^. oj^ ob «ob jS3j c^^uli JU^i o« ^b u ^ uu*i3i iijli 

-p U-l J S-^J^ d ^J 4*i»Jb- U vl»Jb- f .UXA APtsSl C~& Of gja&nj I <.{j&-0\ 

S&**i villi* £*rP US' 
UJ_* 4c3Uai^» J^ cijU Ji ^1921 flP ^ j-AflJl J^ JJ U iLJ CJ\T 

4 — J^- Of OjTij U JS'.Uajf *ub» J oTj U ^^J 4>f f^^Jtj ci«~*ikil 4Ja^%» o«.ly 

.S^Ui] 4^s CJlT 4jUa^-^j»j 

4l^L— ^ 3 sSlftSl apU—II ^^ iJ\5 ^1 ^Jj ja ^U hi./^t 4 aJUll iLill J 
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• ^ a* <j! £0^ J^^J lfe*"U* (%Jb- j* C-^-j^j 
J Uf— w ^L-T j^jj id\AAp- aJU- J «S|1j ^ L^j L^t^ (jrulT ^U ^ Jljf 
Vagus aJ\Ji c^a*Ji) jiJUi wa*)i ^ U-j» t(^i«) oi*^' <lj^ 0* a*^ ^J 
«,■■/? tti ^ ijju» uu^T ijU ^ JaL*. ujiue .y-^i Oj^ ^^Jih j*-H (nerve 

idaJl ^j-J^ f S~*> IbJ j^I frUjJl J £>i>>l UA\ tbU t y\d1 *UjJl Jj Jj^l 

. Jjty UULU 

.*<«Jjs*jt£» vagusstoff cj\jS\j IJL+Sls Si ill «JL& ^ 

v-Tjj d&j Jjp ^ Jjf tHenry Dale Jp ^^ ^jJUi ^i Ct ^Ll j*jl* oiT 
i — *f .«oJj^bbj. — -t» acetylcholine p-*u o^I^ l$3j*s ^i tUL*^ "ill a!* 
^ apj^jfct dJU tjL^jJ «^a*Ji o*^Ub> j? neurotransmitters ^ Jjp j£ai 

^ij^ -f aai Jj c?^^ ^j**J* *&^ J*^ j* ^ csciatic nerve 

!^> ^o5\ a^J Ji ^03 




.^r^ - neuroscience c-*UflpVi (*JUJ uf jj&i ^^ * 
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Human Evolution 

fl924<JjL^Vl4i^ 



^i'^vf: !f%^>~ >'5&^^ 



Ot—itfsJlj 01^1 C^03j it-i" j&l iJLft ^b ^lp tjrf *Jaf j-Sjt J*t-J titW 

a «j?t3r JLJaO Ojb *br f cWjjf Jj-s» jf L-»T J \jj$> Jfl/sli j*sji JU *ul*lt 

Jjf dUJ^j Jiij^i yUi oW*^ ^ij*! jjto J^ c-»b JJ* Jj 5 ^U^ f^J gjjtr 

p UJt OlJLisul ^Uf jsv jl^uj S^JUfil *Ojkdt d^j^Jl £& 43i «L*-j3 L^U^f ^t 

J dlJij cf>1893 fip U^b Oj^jfujT J Raymond Dart Ojb o^jj Jj 

j^-Jp Jutf_J*3 *U-»ly J £Jj J^tf .^*jl' ^jJ £*t& 4iL'lP CJlT i-*- <^P Jfc- 

* <* * 

t 5>»j^ lr^ u Jdifc ^1920 flP J -(jr^ 1 THj** 2 ^ (^ j&^&j s-*^ i*»l>d ^lUj 

.i-<jj^l» j*~au ***^ Grafton Elliot Smith £■«*• OjJj JjiiyJ opL^T 

J^tf cOiytAi — J* «%>* ^ •** 5j^a3 5^ if 1922 fU!» J tj UgsS*>lP OjjAtf ^j 

.&uMj JLJl Sjljtf j*ij jAj ^)La Ojb J-^j .Ufljjil o^pr J A jj^jIaj^- 
t jJIp j— iP JIJLjuJi o^a) dj^tPxi* ^C£ 4a^ ^»L Ojli j»JLp tfl924 flP J 
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d_b J fL_<aA*>U jSl^ t^^—* <j\ s\$\ o>b gijae fl .^Jjli dU3 J I^JLp ^jSaJi 

^ cfe t-if* if*i *-»l* **r^ <^ dajjJrt 4jwI*JJ ^^idl Jbtfll jS3j cOlj*»Al 
C~~ — h fbf *b-f dj^fe Jbu Ojb Jju» J) S^^dLl fUa*Jt j* j&jA^s Jjf J*f 

bLUs *i *uo%» aJ c^JU^jt 0\S* cij J tf 1924 ^Ip j* (j** 5 ***) <Jj^' jf* J^J^ 

^s J lij a^-j ^\S3ud .^jJi dUi tU^» J aJju» J ftf~*» OlS* *Jiij Ji*- Jtto-rt 

at ^ull o iJU t^A ^f jJLp Jj^I JjJUall js£ i 4*si JLPcjjiaJ US' .Ojb J>*U 

j— £j i U ft Of 5^aj Jjf ^ c*jb iij^f US' .(^^tfll J& ^U yi) ytc^a £ U> 

j^_Tf <>-^j J^ «•***•*' %b OLbuJi ay ^Ui j* ^f i>u jl& l<js\~*\ sj ^u^ 

£ Ui_Jl .Ojb 4 -»y Of j^ iji JS" £Ui jP ojj*b LdJL^ £ Udl JSli OlS* 

2_^j OUJ^I £to Jj ^J\ 41& t(/ il*.| £Ua)l jaP d~* Ijjbj Ije^S* 1JL* ^uty 
.OUJ^j *jti &. J-*J *&* && d ^ *i .OsSlsIb %»lT Uyt^ j& (I dbi 
4 -iCo.J t^UjJl IJLft jjlkJ h^LS: J* j»i*k> JjJU«aJI J^ L*6 Ojli d*^ 
(j-d^ 4j-^£ j£ f^ J* j* '&^ cr^ .ciji^i *JUb ^ <urj ^-Sy Ujuu 
dL« c jaj jvrj^i djt^ j£ J Ij^^n^ Ojb tiSj .uUi ^UoJi cJii -Ob^i j^U^i 

cip ^1 Ajy^t S^lll jw?j Ob ji^j ^ftj i^-*AJl AftWt j^i\ Ojb j^iad 

ik~* ll j-ttj jlp ja f^Aji JJ .AssrjjJ 3ilJ-l &ti-l ^il %Jtt^« cAJ!^" , A^»uJr^ 

JljJ ^ 2JU ^^j i~Ji-\ OUuf ^ Jj»\T pilot bjyj Ut» cOUlJ J-flk 4^-j ^fc 
.^tJb 4^ ^ioj Jil? Jj cOil t jijU ^U^j 3^u3r o^lp aiJ .JltJ'it jjfc J 
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43U„, --jTi ULpij «inJa]l» j5 Nature &£ Jj ^Ito>» ojjiJ Ojb c^=T 
^uj_!i J*L_jji c— £y Oi c4^ 4-i i^k^J nearly humanoid ^>Ui L$y^ 

j* OL-J)M U6 j^k? ^I» Ms^ 1 &j& ^ «i*jA&\ J-^jJ' Ul*-»-J 4iL£sf U Ojb 

\_ljji frUiP ^3r ^ .Ojb ci^j *ljj ^ulb *Sj jStslb (|F JUil £*afcl j^t / 
Robert Broom f j^j ^jj dyj>\ ifJ^L»^\ J iAafri of Jj <u*^ J j^SJ^ 
.<bxlijj Ojb *iJL» ciui^Ti bi *uu ^1938 fU- ajU A-*yi i*^ 

Jjf o^fc humanoids ysji ot^i Ob jjjjb ^T ,3iiu>Ia jpu» ^ 

If *| 

jLuJi Ojb ci-ii' jj^ iUU- i^u*^" ■**■' aSIusj jl .L*ji) J U jj^t v w 

.f 1924 fi* JjfcfiJi **** jp 
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Quantum Theory 

f 1925 ^Lf^VI 211^ 






$ 4ft«tl 2LiU» £^«40 JSLSOSVI CL* JUlj »iU 

0jj&\ ja j£ jt Obj£-)jj£-il (!«*■ cJUo j*j JJ .frbjJJl pi* J Ojt-S* 4*^ ^ji 
OjJ— It (lull ^Jr A^UjJl ^Ull *UUJl Jyftna«i* cdjJUl 5*L»Uua ja j&»il\ j&t U 

j— £)j .VJydlj ■WJH ^^^ ^y^ ^ £j-*J ol ij^ JO^J ^*J** <Jj^ '^*^ 

.^Ujj ^tfa; Ji^* 4^ji OjJJl lull CjL^j iJ&*jA llS AjJqj ciUsTl <3j-ij 

\v" ; 4_^ljjJi j 4 «^LS> OjJL^- J&- jp 5jLp iUU Ojjj ^^^ *** CJlS* 

UlM lSLilSL»j SfijJ^t *ij^Jtj kjJUl *.\jj-iJt ^ jip ^Jr UUf Jju a<p£l\ l£jl£-*» 

uL^j *Ip j>-T Jijkj diSU .a1905 fl* J **Udi 4,j.>.Ji 4sjjlaj jjlaJLaT yu 

U 3- j tail j— j> jMj j*JjP 4jwI£ OL^U^ll vJlfc jStlP c^jwli-l 4i-»!ji j^ 

fcjladi ^y»^j otfJtfj t-^-ipt 2^ ^ 'Max Born Ojjt ^^ k*> jjj-i*j 

aJM^ ja aJ <^~*sj ^j***^ ^ c*-^i* ^l^J j^ oj^caJ J-»Sf^ <L> 5jly ^bu jA j 
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4— JL^-lj 4^pU) U Ujj ljJU*un! iJjlb ^j tt-^J^j aJjaUI Ob^Ti j*p l$i* £jiJ 
JjL* — o ^ I^UjJt iU-JUJ JjJaJ JjUt jAj crJb>lT ^y»lP Ojj) ^j-^U ^^aAd .4-sJ\ 
Sh.M ,» Z—Jbjp ciLSoTb U^rjJ cj^L^jT Ajjki J CjL^j US' 4jji JjjJl 4>> jl 

.jjWj— P Aaa\^t J <JL "^ vQ c.*>A»C lA^ljj tJ^J ctwLij AJlk^-^j: tjiyi? lJjjj jJtu 

JLJlUl 5 -IjjJ Ua & 4-^wlJrl J JL^-jJl ^4\ Jjj^Ji JlT c Jb- 4j( Js> 

jijUpj djj) *l5 tfljpf 4~*> j** ^jlP .OljjJUl jP 4i^lj-b Ojjj Lb JjJJl V^y 
.OljjJLJU Js^J ij>\£j ***»lj^J (Jjji' ^ ^J &T* (ii) t^j **^b £*£ ^ 

^h ^^ frUj-iJ* J%* £• J**U ufJj> ***^ <i! <^jj* J^ 1 tf 1915 flP J 
c^ji OjoJi (lull yJib dU) UjSLm* ajuju J jt\*iJj db^ JiT .Max Planck 

.L^iUil Ajdi^^J S-~"^ Cijib 

.4 iji JjoJl oU^^fcU apjj ^ ^li-l iJjLJt ^yiJ ^Uill Ob^IxJi o^lSo 

.UlP jJj-ijJt ^»UaJ oOl fjJbJl (IlP J IjAJlj JjflJl j,Japf J^ ^jJl Ubj^L 

4_>^a*Ji 4JU^_li J^ oijjJJi jp 4JUj U j^ku djyt jJi>l tfl916 f ^ J j 
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.i-^U-l ^bLJLlj Olla^^ll yliij Oljj_Jl 

j» Zur Quantenmechanik —it ^ aL* Ojj* J& tf 1925 fi* J ij^-f j 

jj # ^Lij ^5^j tib!*Jj #ls-W l^p £>i* jjjt oUU^I L*tjA t^vJUJi i-»jJl 

ufl */>jj j<* fl US' ,4*%*&\j *Lgpbj aajjIoj tOjj^-Tj f'j^jAAj <«x**ij£i* OUj^Aj 

.^JL>j uJU^ JS^> jLftjdl t£ji OjJlJi iuli 
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Expanding Universe 

fl926«_iLSu£Vllu- 






S^^Uajrfl 2£U( £«*» ciLSJSVI til* Jbu 1ia 

oldUsT^I ^f i y*e (Oj&U d^JU; c^jl^ J&J Olj£l dU? £*£ t>tj -iaii 4jUI 

•°L^J f J 3 ^ **V" JM^ (•«* Jjl J*^ J** JA^J US' cbjJbr 
^U J jj&slb 5y JjS 5-UJUU gC JU*i» Jl jJey £*fj i)£}\ d\ iJU=Tl 

c^j-Ji JijWi ^LB» dUi Edwin Hubble ^ m jj\ oiT c? 1923 fi* j 
* * * J* 

L-ftT^lo lU^fi fljPl flj-i^ JJ t<Udfc j^y i^iil tjjy^illj fcllill J {%£A\ JbuJ^ 
Jsfc^Jj JLJU&J J^-jIa <J— J^jJ jf cf 1920 f\p ^/k .dULUl ^Jp *> ^ (i^ 

Andromeda tJ— ^jjjuty j\^\j tfiUi ojla ^ h^ i*»iyJ qj\ iJili ii J%jJi 
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.lib 04 iUoAw 5^# tits' j 
j« p Cepheid stars 4—jj\AJi\ ^ j_*Ji j « a*-4j giij* JjU ^jl^ 1*0* 

sj^aJl ^» Aiikil As^JJ L*>UL» Ig-MV Mj& jujJ 44JajU ^j£ OLjjUJJl JJL*jjJU^l 
0? s-UUJi ^Jas-^i 4frj-4Jl ja hj*\lal\ t£~*S*j lfr£.y 4Pj-*> ^UaJ .*j^J1 ^P d-judl 

5j_^ lit JjU cJt u iJlaj 4 Up Uyt k~* 900000 J** J* uu»jj.uty £& 

C- i\T .j— >! LoJll* jJLp iJUiJ ^tSj jaj* JUJ Jjlft t)\T cjfif k~t dj*&> J 

^JUfl SI .j^jSl jP Vj-^ ^-** &JiX* *^ til ^— ^ i£^* (J**? *lL>aA** £J\j£ ^*^2' 

CJlj-^sti j_* LJ^T ^j£ 01 J*i£ d-* j^Jl j* u>j£i1 dl p4*j** <JJ& i)j&Jt\ 

.4.1/udl 

J^ Wb y-l Ubjil U>Jju lory Ju& .JjU ^ 4jJ0JI JljJ ^ dJU3 CJlT j£l 

.dJLjJl f JLJl dJLft ^o Cjl/H s-j-413 A^ilj^ 

JU- Jo; i«ju ob^jj j-o jif f\& i yo^ Adlklu Cjcj u UJb atf* (jM. . .t^^Tj^i 

****** 
frj-a U («Jb- ^ wy J>j A«-idi A3lkJl j-a *ij^) Ms^ ^>^ *^Up j^ .oJbrijj 



j-^bJl j-« Ui*A-i*j L^TJj^b f Jt?W^ ***^J* A.J.jkli Jpjk^l a^ JjU Jjtj 

•(^JJ^ C^ 1 ) ^J3^' -^ ^J** bjfis o\i tdwy Jbj jJj .^S(i 
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50000 Jl 800 g^H £jij-* ^j— i £j=& frUaiJl yi kl£u-u jlpLj cJlT l^a 

^^wj-J aj\ ZiJUy oij£i j*Usj u~j Ajti JT j^J-i J j^j jj&i 3*wj tiij 

.jjLJi J <u!p o\T 

Oj_Jf dO^jjJb^l dyisj ,5Jb-»j IJLP -JiLsJl Oji Uyt ^P lJUu W^ 



J— jU JusTi ^p #fciaT gf ux* ,iUa*it aJUfc ja iB ^UsU cos m o logical constant 

j^-i 3JU-**dl gjjdl ^ dUilt ^Iji) J Jijj hk ^U3? aj^jU J JjIa J-iJ t dUi ^j ** 

t5j_-£-j Sjii 4Jl3j Jbw .(*b^Jl dia JJ j* fl968 flP iUflsS*iI» ui-J'f f) f^-J^j tfrkja^ 1 
*— *^ -Jo* «j*> Jj^A J* C-PU? ^IsiUj tfrbjjat ^> ( y^> s±M\ £ljAl J 4^JJ» CjuJi 
-4afcr ju,^ ^p (J^iii 4arjj Cwa3jj |?Li t/t aJ pk ^ ij t^ 1953 f Ip aj^j Jbw As^r c*pU> 
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Uncertainty Principle 



St-* 

ill* 


We 


yLj^j 


||||||lli||pl 


■ ' 

lli!:|i!l|lI|Slllll|lliillSlffiiliilll|i||l 


pliili|lf|§illll 






JjJL— li a_jJri of lilt 4J!i cijJi J Jji (♦^jr (**V") j^-jj ^^ j* J^ 4^* 
Ajb: Sjjj£i *eA^ °^* ^^ M J~Ji jSj: ^ J^k* ij\*&\ j* jjt-- t^JtH *uu*cj 

4_J>U ^L^di M*yj cr-^ L& Jju jl Jjty SjJLld tpJUIl Jfc- J ^ji* (Jlluul &£ 

Ijl s^bj frljj U lj h< 0t *UUJl Js> OlT Aj? ^jHjil* j^S ciiju &AJ . JUS* j 

.Ui jP (lUJl ci^j" <^11 M 9 ^ 1 O^UlU 

kjk* J I4J* ^tfi *tf ^ij a^UI ^ty 5JQ 1 ^4^i* <^ 2500 & jftSl y JLp 
Ja Ad J ?-lj cjU JU»-t c^-» Ji3 OlT c Jjf j»--jr t£js~*» ^^Ui .^^Jt d***Jl 

jtfJLJi ^'L-jj^i j* aJUj Werner Heisenberg £>j^ yji Jbrj tf 1926 
<bl*tp)j l^JlT ^*ju uUa? ^j f jyji 1 * l^ J l^jl* Jj^-f o^Ste .diftk 4^^ 



(i^-.s— Jt ^X) ^^ C# *M*Ji " Q jJj^ ^ $ ] J j^j' ^ *^ i^ 1 causality *--— Ji hjaj * 

.^jJLi -fl949 
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oil .«matrix mechanics c^\ijLA\ i£ji£-o» ^j^aa aJ fii ^aJi j>Vt jij& 
•■^j~*H\ dUi J*>U jjfi* ^\jJ j* laiib aTjCi aJl-j ^y- dUb cj\T 

j] ij t£ jyjjli AgJUll OlOibdl j**af Jjb J**P cT^J 7 .J^U ^/^ Jb- Ajlif ti\ JjfcPl 

j-^» :L-^J |t Ul) Jli ^Jl Jjty 5^11 dlJb CJI& 4 A£liJl 5j&Jl oJla a*w> c-aJ 

.OJl&jl aJp J**CU*i 1j1*br J-^J *U Ail jf t«U^b l>j& l>( aJUs^i 
5jt_P cJtf' Jj* .5yJl j£i» Jj^ \J\s iMiiT i\>jJ&\ J jjT^t JUJUl OlT 

4j^j jiJ dJJb i£S\* US* tOj^s^M OU^ J* AaIpI Akl£ OUjJjjJl jj» 5jT jP 

U: IJU Otj 4jjkJi ObjUaJi oJLa jP i-3^iaJ^ jiaju Of A jyji^ tfbjl ^Jj^ c^J 2 *' 
4-J\kJl j_* I *j*f jj£ U\3 4(CJ\T U$*) OUj^^i g^i UJLP -lijjjw t)lT 

jii— a» ^^-Jp 4J0PU.J. matrix analysis oiiji^ii JJ* Jj £jyjj> Or 
.L->Uj US (»^bsU iajb J^ S^^r j! ip*^J £*J^J ^^j=I\S* Obn.lla.Af 4j*iiUw 
. J^JaJt A-*^j irf^ OJb l^^Jj tdX^r g*^4 4j*i(iUw Ofrb^3 

iJji^ .Wolfgang Pauli Jjb jiUiljj caJ jjjj aju ^^ ii\k ^^u. Jj (U^s 

L>l£al Oj^f ^Jl tAJjA^all AjULJ- JUTJ JLP ^Jb- l£ IPji (3^ 03 A jyjjl* OlT 
<cr ^Jb j£jb\j t(AsTy) A>jJ aJUjclJ^I 5^5)1 ^jIp U *^*jt ^J- 9 5^J jjb 

229 



. £djib Asijjw Cii c^jiJ ^0£ J db COij UlTj C( »>-jJLl d0jO£ J3 c ( y^-\ j£jL( 

."4PUJI 

OL- ^UjJi ^—» j— *ji* <i! *&& j"Jj^ CJlT t3Laj>I» <]pUL>> ^— ^ 

J .3_uj0ll J aljit J& SjluT 43Urj^ CJlS* j^Jj ijjJdlj frbj-illj ^/ 

ti5a_^f o*4 Jju ois* d~£ oyJi ^ ^^jJi ^W^^ ^^* cSa-aJ-i 

^jyjjMb jSu (I U*t* t f 1917 fl* dUi JlT .Jiwli-i J <->LJ-i ^jjb ttuit 



|llp ^ . jituS^T ^^--tj ^j - djj^»l** 14 j*T ^1 4-ndljJl ajLJUJt ^^ ^ ttJlio Li-Jfl 
J .Uajt iJ £j6\ JUs?-l ^* UilJ j53 tJb-f 4J1 jku |t Jl syry jJ Vj SljJl Jj?- jjjs^3^j 
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Speed of Light 

f 1928 ^Li^VI H^ 




■ JJUJU Ja£ frjjail 4jL*M 4P^» iJu^Tl OVS' tJ JS»p £*>Ull O^flJl ^sMjt 

L-Altj .(3 j ?-ij a~*» 5*u J *j*a)i ifAub ^i 4dL~ii - ji light-years *Jj-4)i 

.frjJaJl 5*^ 4*J ^ (%10 
J — « ^ £ iJ — P J AtJJj-^ UjtsPU- Jl^-i J (j*») frjjall 4P^-» ^nf j-ft Cj^j 

.frbj^l ObL**- J l\^ti JjJ U jjP jfc^li t(%0,l 

APj d -frjjall Ms**-* APj-Jl iJUoTl Jjijb J Z& OliA dULa CJ\S* j& 

0^~ l£j> Oj; \\ j^yi .OlS* jig*- t$f UUfiAJ jf CJlS' apL*i h\ lg**J? Of j-» ^S*f 

^1 — ijJi Jatd tjjjj ojibr Jj? V*-* ciUoS*^! IJbfe *u* .f^-Jj *3Jj *jja)l 4Pj-» 
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\-^>\£ -54_U*- OlJL-*wj l?rjj& j&*\ J* JUau <JUuT*S ^ lJU* <Jlf 

(L*Ip 74) Albert Michelson Oj-JSL* CjJf jj**Jt Jtf ^ 1928 fl* J 
3hU* J (jrf)-J UJi-t Ltjflt uilJ^lj frj^Jl 4Pj^ ^Li! aJjU y-L fUSU ^dlSo 

*i Ua£ tj^aJl AP^ jrf\J ^ A*jP Jj^JlSLo JLip JL03 cSjll dJLft l»f .Isfti UIp 0*-*^ 
i_»Ul OUU-J-I ^t>0 l^Jljj lo ajl ^ 0j£=-> l^Jll dJLL- .%0,001 iS^i 

cf 1928 ft— p J <tfiMj .4A-.L2I Sjijsli ouuli J^ j^kJ tElmer Sperry <jj~* 

AJU Oli Ajljk^b Ab? tCJt*bdt ^1p C-ijsrl Ol O^jkJl j* h&s y-Tj CJU CJlf 
dJL-ft ^Ip Uj-£ jUI ii .dJLtelb ljo^.,^7 JLp Jj^iSLs J*P ^Jl ly>dt j& jl 

t^ju *» 4 pjs^l) &*j£ J** aJIp aPj-h jjJtf U~j tdTy: Sijjll Oj^waJt Aj1jkw*}M 

C— Slf clijU- ,»1 JUP U && J , JljjJlU &j~<&* APj**i ^ J?Ui-1 djjJLi£ (Uajf 

^ \J*r jjl* tjir fcflJl ST^ll J* tjjdS ^jJJo lj\ji\ 5TJ,I cJlf tjb- it ^ 

t^aJl j^ Sjutffl oUaJ ^ Ai^AiJ ^-A^-t Ja^U-U iiUll ST^t dia cJUa^- liSU j 

r j— ?tsJ ihjS'ji 4-»op J^ j^ 4-^lJ J^ cu-*^*5l .Syudt ST^il <Urjf j^ 4^-j JS* j^ 

l^»lkjjl Ojw OJtfjt cJUft . jjjkjf OU J-*- Jl *iL» 22 43U^i jliarfj jloJrl J lui j;P 



-t^jij-Ji (^j— '* C^^^ ^ *4Jp J?u^-i jl ai^*ili ^liJ ji^- ^a gyroscope ^^SL.jjJt-1 *** 
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J— f ^j-^rj cij J OijjoJi ^ jjOj cjiT Wjk</>M Of t\ tiJliJi j* 4000/1 
t^JUij cl^Jb-j *.j-iaJi L4J aJ cJUTf i$JS\ cijli J A3ijk^*ii 14 Ojb ^t yudi 

US' t^La 44 Jtifefili £siau*j> Jjadl kj-£ t£j**> £-* ^3 .^j*r)f Aijjj-iJl olJUdl 

4iljk_^^t c ilT ^1 APj-Jl Ja^aJb 0j*J^L» ^ d~4 *3S j£"\ gfc i)*^ £W 

.5^9 JT J \4 jjJtf SjyL^Jt 

.apj-Ji Jip DijjjLll Usui t$j#i J** V\A* ^j*- «j-^ y Ji^ *i <i^ -j-^-f 

J—*- Jj L-jrjbs- ^j-iaJl J*-Jt jlkl tfrj-4Jlj il^wJU <Jj*J£L» JJuSJ Sj*£ t 

LJa^ jAj t Ja# U/J_* 2 — * d*iJ-» ^JifcJt U)\* -Li&J ^ 186284 0j£d fr> fcJl 

frL^jJJlj *L-t>* Jjfc- J frUJUJl j& cuiUsT^I Ijla J-^ai .****%0,001 ^ Ji5 

.hjjA\ 4^JL.^tj Jiihli Ji oil obU* jtj^u^t ^ aJuJi iiihli *AjjJj ajjjJi 

Jj iljjijjj j^ y-Jl d i v .i. » i ^ J fK»J ttj-iaJl *^j-H 3l fcu «2l^j>^ J^La^ .^^ 

ft ^ 
oJL^ ^ 5iUL^*il cLSj: jl c5ju-1j JjB j^ JiL lj> 70 j-jWt ^-jJ \g/ ( 



Jtj_j^ t?f t-hn?t lb LJ/f 299792458 JU-» jjO&Ji c~o* ^i^t J j.j^J( ip^ ^Jb **** 

.^>i - jeoa ^ylT tt/^ 300000 
islj^lj ojju jf 4 iw>uJl yij^- j i»oib & 43U11 oli ^j .(^3944) J-* 2451 £\y ***** 
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Penicillin 
fl928 LiLitfVI 4JL. 



: „ ' ■ " : : !r : ' • ■' "■'"■ - ■■,■■".-■■■; 

v.: ■ - j ■" ■':■'..'■ '■■■: : -'..V-"- : ! 



v>"^ 



* -'0 



■ ■*■" .••jf**l5i».c 



5< jr 4a**» ^U( £*£ uaLHSVl IZia juu lilt 

Jlill UUll o^M J}U *JjJ^l Ol^ -^Ldl j* jfu^ 5L*- C*^ 1 JL&T 

^j— Ll 3 >jl£ *Lkty L«r J 4jj^Si j* Ju»\^Jb SOjO^r 3j>i gJLwJt ajrjf 

.4jjJ-1 obUail 3jj^f j* SOjO^r J^b J^J*J A-*tj-A* ^ oUl £=3j t^j^J^j 
j JjJor j-a* jP j^'j *js^ obUaUJ aju*\^\j Z*v\J\ APtuaJl j*L«-Jl J^s-*t 

t$jJb£ — ^1 t Alexander Fleming j—-*^ y^-*£tf ^ c f I 928 f u J 

boiler 4_j*A*Ji 4—SjP uii^ L^xa ^JLLJt jjjJi J \jd£ a*a *jj»j l&jA* ^^u 

.room 



-biL 



Ji ^ d 



L,J~ 



Jll Le^fej^ A-*A J^* ^^^^ (t^V c^^^ ^J^ 



OL^T JUwuobj .*-jjb»cJlj 5^ljjJl Jp^H 5jJu^ SjjJU 1^-brj joULp J bj^Jl 

^jlajJi jj&tj staphylococci t^jiadi jj&i ^>J* j* &"^ ii>^ 0^ *j^ 
4_!jU? ^Ip Aj}Iiij AdjiLA* cjiT pneumococci l£jo)i jj&'j streptococci 

.£u*Jli jc£ Jjk ^1p d^sUl dJL?-jJl joxit 
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j—& ol_T . jptiu £u*Jli J-** jc-J J^-jSi jJuJ* jj-^J' J&tf ^jadt cjiT 

3 9^1 J 4-Hl^UJI J— »Pj JpLSJ i£ji~j>j Lr JU\ 4lb- ^lp bUoPl dUij i4a^A J 

4— Jljil OjaJl j* SjdT f Ijjfj jUltj JljjSb dji-j s-LJj ^LJ CJI& >tJ AA.t U 

d^f uuiP 3j*^- £~*JIA ^JS jp\* t ^1928 f\* j* (j&v*) JjM j* j*^ J 

j * ^ j £P Oyi 03 (is*Ut j) LdUflll 2jpj&*!i Sj^&l bjC^Jl j^» Ijpw ULt Of 

fjJl s.Uw» j* jSLa U CJj J jJall J^J s-^ 1 J ^^ ^ J^ 1 ^f *^ ^ *S*0* 
. 0^1 jJaJl <J^ j-fcp^l ji*Jl <^P JLS» .lfu*- j* JiPUaa fjbj cJUJl 

jjji*si-^» Jbu ^Ip \jj£j\ jj*-j Jj <&L^ 4jpjiadl 5jj£ll bj*s£jl CJfcsM tj-ia^l 

.4JjU»j 43bL5> bblP j^P ^ OJb jaJI j* 

iS^sSj Ojlj^J 13^ bjoSu ^Ij3( jiSl j* lJb-1j pLg Of <U&»f j*Jl j* £ JJ <^f 

jj— i j^Jt Of ci-i^ oS OlS* OUjJi j* ^a J^-j .Penicillium notatum 

.<<0rJLw3b> jf Penicillin uCLJ tbj^^Ji J*& 5^u 

Otj^_5il <4_0*Jt Olj^il t 4jijijJt Olj^ll - iijyi\ h*d\ b^l ^ J^ 

.bacilli of diphtheria JuH oulap t^Jri ^ ojijj? jla^i ^j Jj & m y}\ 
C*_»VT c) (jiIp frUaiJl ^ jCtfj Of Oji ^Sj OfOL~Jl bSjl^ ^Jl So^jll Ujc&Jl 



.^jsli -Haemophilus influenzae u *±4j<J*\ kjr&t ^ ij-^lt * 
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5.U Li |iujf <lJL^ c^jdi 3j5^*ii <lap <Ju^f i jp rj^i ^ cM '^j-^ 1 Ju*s-»^U 

.f 1929 fl* y-ijf J dUi <ilT .«j^ a^jaili iiitJt j*p &Jb^-\ 

££_*■ c^yJu f 1942 fip *l* .4JU*Ji odjiji j^ u*- u 213 1 j^ oU& ijija* OlT 
t 5*uur 4jUp ^jiaa Dorothy Hodgkin J&rj* J>jjj* *->^j)\ ^-Ui c^tf 
c — sTy dL^aJ cX-ray crystallography uJ' J*aSu oijjlJi ^j** ^puj 
4,; w ,„ll 4jui»^l j^p j* U*sM oxifujlj i^-i j-i^ i*> cij*=-»* Jii ,t^JL*Jt fay? 

.iJli 1$Lp tUl ^1964 fte Jjji 5>V ^ ^rj» ^jsTaJi OjU- .So^ljJl 

jjUwJ c - Jjjj Howard Florey l£jj—& *jij* 0L£jy»ty t>WaJ* j& 

^Ujy^j upl^? ^J^oJi c*u*j*- ^Ui^l cf*y* &j>- JUjcuuI j^ Ernst Chain 

SjJL-sr jjUwJj lSjjI* nJi tl^ij^tc $Ai=*-l .f 1943 flP to* JtkJl £*lj t£>*^ 

/*t^JL»Jl <-i^£» i£y*Ji jJ±~&\ £* ILsl* f 1945 flP t-JaJl J Jjji 

jrd>L-Jl 4_J1JU)l JLPlyJl oJJb OJLPU .Ujjj J Jj~* JJ j* cJapf kip CjUI^j 
.^fiJl J 5o^j (JjJb) 650 j* jSSl Ji OjJU 400 j* i^LuJJ ^Uj 5iUj J^ 




^L^i ^JLJi lysozv me ^jj-*_j^J» ^cjsS (»1922 flp asUsTi u^f ^u*J* u^ ^jj* 9 ** 

,^^dl -UljOar OUj^ft JJ^ca dUij ^1^ AjL-tfJ i-srjll bjftsS^Jl 
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Antimatter 
f 1929 lJjLSuSVI 




s<^aa*ii aim «>«£ ciuasvi ioa oii «iu 

UT cdiUail Silil j* OlT^ ^JU)l JtiM jA*a5 J *UaiJl jA-* JjLsJ U UlP 

y>, ,^lj tfrl— jjjjiU , t g flit j d- *Jl ja \JoJ&r V-j UL^k SiUall Sill! f j$A« Jalu 

frUlp ^Jrr^t .tfJLUl OUj-Jrl ftl^ ^^ki jli?i fctic S^UaLt SiUli ^i uiU^Tl 
j^LU lj\^3l lSL»bJj»j 2L^3f «.UjJH pJftUf JbJUaltj jJaJl f jJt «.Uj^aJ\j Jj£l 

ill Jl r ^jy»^ ajuI£ s-bjaflll ^Jlt ja£ fl tAAjk* Uj=Tj Uljlait <*l!j*> ajjT 

j— » 423?- u otiUL^Ii j* Paul Dirac £\jt* JjVj fc** ^jj-^j i£J*-\ j**^ j* 



Positron c*Jj=0>^ ^la-fill* Lukill S*£»ty 31^- ^a SiU&il SiUJU *J-t otf~kJi ^f ^ J*j * 
- (,-Jr* frUapf jij-^J j>i>V sJA\ J Jlms^/sh d^M Emission Tomography (PET) 
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t jL-* j£^_ * c~*j Ji j^Ji l£jtfL»j a_-Jt objfc cj\T t f 1923 flp J 
cj^Jl l£jtfL» ,jJi\ g\j J tdJiT j£ jl IfcJbwj Afc^nalt Ul&Jtfj lAlilfci j&j 

cjiT .^jl»j (,/flWi) (^Jt-i -^jLJi !AS* JULj Jjji OjaJi oatit Of j>ijsh 

j^_S3l jp cjL^-C <Jl AiJjJl 4JUflill jO^J *~*J* ^jf^ J* 5UL* J*^ 
jkdlj rj-£jJl \Jbr cOUaSbsll oAa J] <d Jj^t> Jpj iJl^ \Ja t t*UjJlj APljJl jj» 

ssj&\ Ijl^ J covariance j*l«li o»li)U£ J^-j t^~Jrt ap^ ujUJ- «Ojs*ajt 

j—sT^l a)L Lt ^ dj-TjSf Jj*-j ^*f* jtj& i-**" j-^ tUUli 45-jtji Jlte- 

j_* (aJj^i ou^ jL^ii (lull ajfi ^3i uy 1 ^ 1 ) ^ \&\£*> *^j=J v>**!i 
4_Up J— j*-f <y» .(fUij ^j^l^ v-**-' ^ ^ (lull ^jtf <^Ji uiM») 4_~Jt 

1 U*UP Objlift JUju-»1j JjJJ 4i«,o.,rt-llj L-^JLil *Jbl£j ^Ijj^ OUs*il JJLA j^-^1 
j o £\j—l* iJbjil OJLfc oiCo .d^p-j* jf i^f ifcj-Jall OUliJl jf ObUJ-l j& 

u* Oiij^ 1 g^jlad^ ut 5 ^ OM <Sj*^ j^ J^- ,JLAb r ^U^ c 41 ^ C C^^ ^^ 
jl_^-IjJ oj^j cJta 4jbL^ JL d^ dj^f tf 1929 flp Jjl^ .J-Ual*j j^* 
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.f 1998 fl* dUij t^j^aiH tJU ^js^l* <^j^ fl^f c£^ J-**** C$r <Jl 
.^UjjiJl flull UJd 3ujj J] L^f ^Liil &*p dl^ iJ> tUL^ 



.*yu3 dj& a^-ji^i j*rfjjt j^ 1000 #j* J^w u 4ui^J! asikJi ^ j^ of 



UjlJtd .(&ll?) 4jJLAJI jiiiU JUA* J 6jb- ^^*» a*»-a^» J^d^ tS^L^il 3,* ill Ja) *^il Lj^j ** 



4jjj_-u? j p~« — ir\ ja JT ja ^jj ^u* ^U- iaii jJlfc dbL 5*U Ojlf *^^' ^ ,(*->laS3l 
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Neutron 

f 1932 uiLitfVI klu» 




Jam< 

! ■ ■ • ■ ■ L— : 






* * * ♦ > 

3— COP OL-jj^jJl J^—^J l^lai tLittj .CrtjJUl Sr^r* u *4* ^UlaT^I iJU* J*Tf 

4jjjj o*>UU?j otoUtf diia^ A^f jsT^i ou~Jri oa* aii tUU^T a^jJi 
ilj^jJr\ ^bJi ^ ^ap *Ju^T*il ^jj J Uj^JiT 4**l£ Ernest Lawrence 

.AjjiJl iLiflJtj t>j>Jl jtiaJLJ^t jJiJ- ijjj-^ CJlTj UT 
U*H~Jr1 J^ tS>* jj*Jl ^ (I <(f 1901 fU-) c£ji Jji jllp ij^rj tJUaTl Jb> 

«i_»^» ^ji Oji ^^,r J — S3 b\ l£i .^-f^> J^h £**J j& (I spin fjJi 



JLpS-L SiUaU OUc*Jt-t j CU^-I £^o£ .u^^mJI J*Ut lift yblka ja jfiA \j^oa Jull tJUb Uj^j * 

£— £ji -(annihilation oiL_*)|i iJU* ^«— J) tfdoJi jy* ^a* ^ u$#a u*j cAdUaii j* 

.{*:jk\ — iJL*ty 4JJUll A^fcji^aJl «L*uJ (JUJjt j* uJiJl J h£&S &Al&\ 
^j_J) OjjJjSX-JJ aJUai^j t*\j&\> j#£\ in/*s& ^'kja* :(fl958-1901) ^jjl ^—o! * 
j3L—AU ^jjJi — C f jsi^jJl j<& J-*$ J^ J**j if 1929 fUll* UJb (OU^Jrl Ol*j~w» j* 

.^jii -f 1939 fl* frbj^i J Jjji 5jiV J* 3^ .^^Ji 
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Samuel c—jb^jp Jj^»i — e$ George Uhlenbeck dLJi ^jy? \ ^£ \ 
5_r,i JL-US' u^rjjsJi Sji dULtf ijlsli J~-» ^Ui .^1925 fl* utit Goudsmit 
j£l) 7+ <^jUJ 1#-ja h*J> \A\jAj (1 <^jUJ ALT 0^1 j Ojjj^ j£l) **14 UfcjOS 
7 JJ^-J c* j^jll A^^ !* ^ AjjIjp JjtI j*i c(l+ -J 4jjL*u8 4p«Jt JL^-1j OjJjjJ 

7 JL^rljdf £)t c £ Olf t U ttjiai j£l ,i\yi\ Jy (1- L*J> l^> j£l) obj^s&l 

.tf y-ty *uJ* £*j3jjslJ *~r^ V\rf^ a^*^ 1 *t*ty 5l > Jl J^ b t$j^ oUj^J 
Slj-J J— f j^— ^ (OUjjs^l 7j Ujjj^ 14) U~*r 21 <*-* tM s-£ iU& 
j_^ <py ^j ja 21 OS i>i .2/1- jt 2/1+ UJ ifj^j fji^jZi i&rjj* 

^?t_^ dJbd bjL** OlS" ^j^s-Jl q\jA ^tfll fjJl j^J .2/1 j^Jvj c)t jfrjjLj 

.U (Is?- dUlJb OlS" ! Oil cjL(fli *brjj jl .Juilf 

£?•*» ut^Jj^^ St^J Obj OjjS^Jj— tijpjj. *ter\y ^J^J ^JJ^J^J ^ ,, w O l J?^ 
*u*i & ^ ftj C ilS* 1 * '+#»*• Lp*& &jjA\ 5*L?-j)l Ujjai \ c>t lilt OjjS^Jj 

jl-Ji^» ^ James Chadwiak dLjdUJ ^^^r Ji tfih d*xJ-t aid 4^-^li 
(►Aftl—jjJ 1j_JUj jjJUi *UJUJi a^jT ^ ijWj dbjdus OlS" tf 1891 fi* ijsbii 
dLjdLi J j^ ,pt ijjj.m «ll JjflJl oLjj-Ip ua ■/?■;<: .djjijij iUlt Jfc J AjjJJi 

5ji fj—JjjJi i)\ iJ-<Ujlf J fjijjJl JU*u-b dbjdUJ f*b t ^1928 fU- J 

z & ft tfM^r Jj J^J ^ ^U^ Uj.^,.1 ajJbjJl Oji j£*i oL *^1 (t**^ 8 J^ 2 ^) 

.(4 AJbT l^bi Ji^l) ^ruTJbJ^r VflJf 

oiJL^jii dUuTj SjjUJi aiu u aJLLaJi piij^H ciJb- j53j camu i^j 14,00674 i>fiflli ** 
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4— JU^3l a^Jt Si £J3T 0%>*t^t blT gyU UJf ^^*Sf Old u*ib J-4»- jli 

SiaT) aJL^JD Sj^Ij fc^i 5ar-j cJtf* ij .VjlsT ^ ^pJ jSOj t 4~U>ty ^j-LjvJl 51 jJ 
^ — ir\ 1JL-A j£l .4ju*J 4jjL*1I ajJjjJU aJU?S' SAs£)l j^» J**^ (^J ^j*JJ. 
<.h*J± — )\ cJs> OjSL-> ^j-LjJl 5iji *Ja£ jp g?UJlj OjJjjJl **t£ j* <£-i)l jfr^^ 
jU c^iii (t)*ili «OjyjJ» neutron ^As j) Ojjs&i-OjJjjJi Oj& Of Jb *>l iJWj 

CJ\ ijyj-J^ tj* % ^i £~Ai Of ^LjiUiJ jj»& Oj£~j c4»j^J1 dJUb C^c£ jJ 

.iJuAt Jiji> ijs> *Jfc~*ll l^3^» j^^utf Jaid ij^fcill 

dU iJ^r L-aJi oU^ dL&tf e^-J i-AlT 5ja* <0j-£i cciJiAi jejk 4>li J L^ubj 

J 4j^— ' SJbOar UJf OU^ d&J) Jity ^1p OjJjjJl ^*4 *rf Jb ^j ifj-^j^ 1 
J—^t Jjuj iJy^j (I 4j( lilt aJU^T i^J» aJ 0j& Of j& •Jlj t(j^1jU* <~~fj 

.Uj^jJ 0j& Of Jb *i tjUaa^U .^V^l 

.AJibdl 4Jb^Ji 4»wi ^ 5J*iIi t«UjyjJ neutron» 

.Ojj— sO^i ajur Ju^f 1840 ^j*- Oj^j^aJ 01 .aLaj^ ^La*. $ -^ 

Ojj^^l j^ OjJjjJi 01$ tOjJjjJl ojUr 5isT Crfli OjjJjJU Of Uj \^/ 

.Ul.1 UU* 1840 ^j^ 
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Cell Structure 
fl933 uiLl^VI 



ap^i^iM^^j 



iililli 







Plliii^Jii 



i^O^Jf ^ttl Cy+± JiLluSVl IOA Jbu (Ml 

Sj—bi\ Sj^r-f JU*s-»1 ilj ajlT jf ^J t 4jOtOPt 4ujJLs j* Jal ^j^y jl 4jf *^j 
JL_»0^- J^-fl^- jrfLrfty ^jlj <l£j^ SejiVJ AjjJL*- s-^^y *4kj ^ ^S** '^^^ 

Ujl_* ajiostfi 4a-*i ji ^ dJtf J*T( oS Albert Claude ajlT >3f ^ (I 



iJLAu^i tJall i-ilj* j* AjlT j& t Jjty UbJl c-^l J^ ^^lJU 
Ol ^ Pj - 4*ab;JJ Jy-OJb kU^-1 j* £*-lj tJJttfr <£^ rU-Jb 2LS^JLJl iajS^-1 

.l&^f Jl ^AS* yrUj <*>U3 £jj-^i JLp U*»jl» ci .^jx*j 

4 , Af (JUifij 4J-I iJlk^l \$&>\ i-iljJb jUa ^^nJl ijlT ^Jj£j> OlT 
^^-J* ^iji ^yJ iii»*il UUjSO» Jl b*>UJJ %*i 4u cJUaJ U jAj i^J>\ Jliyi 
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oij^-jw jt o^^u &Wyr\ j-» dUUft j^j ^t .<o ji$p j>U jl^ j& jI J-*p -5a*- 
ij\b r ~—i\ ^IjjSi j_* ^iU: j*-J 4j.jI*J1 ^Jll C^*^ J-ojcu*! .Ojt^Mj j&\ 

9 

a*j~ \\ ^lp <£jO* ^jt jl^r J^*u-I US' t JJU Ja^j J>b l$ilp oS Otf r ^-^il 

^5-Jp Ji—*H\j c^UJl J Jiftl - *Ak*il ijildl U*1j*f Jj ij*Hl \£&\ J-^aiJ 
,«ii£-i ^jf aJUp» j\ cell fractionation *ij*?i *<** J* *j& jlbf .l«ili 

UH tH l^kj .Ajijtj ^t-ji 5*^ J* oUJaj SfrjJU? jL^-l S~M ^ ^ ^^ 
j* Olji-» a-4* ijlT J^^ic^l cJJ j* aJ^UJ hjj\!i\ ^\jpr^ J-^oij a\J 01 4J j*^j i 
J atP J?Ls-*i) 4jLT fiJUsJj iij-^Ao 4JLJ? J£* 4J&U JjO^cJ LUaJi 4-kjUIIj 4-^ljJl 

j— p J— b Jjf £lb a\T Jlii .^jjyiU A3jj*il oUj&l o*-f <RNA t£jjJt ^1^)1 

jl j^r *aU*r^^»j ifcvM *uJi olji-Ji j* ^1p djcatf J cijJi Jj»1>j *>Up .Sjll 

L_jJ <l*o^ ojjwj J&Ji ajj-^p *^*W^) kj^jS'j^^ 1 t(*ii frUap? i^b: Jgli-i j*^? 

j-t •> OLJjjJt *i^ J-^^) ^^J-^J^^b (SiUaJl r ls>lj c^^i- 1 j*jiuJl cAJLp 

t"^ 9 . J9* 4>« cm>^*J jj*-* ^J*^ J*-> j5j tXvlai IOjJL^ dip Jak£ ^jlT 0\T 

at # 

Ji ^t» ^ >S t)t Jj c<»JUju-»»I ^«iJ* '-'^-oj^^^ *J*l ^*if 5iJl^ Aaijj CJtf* JJLA 

£>>Jb: tt— i^l jJi Jp (jill j£\ IjLa u\T .djJUl (Up J] Jp^ai ^jb£ J^- 

jjd 4— ^j^ r^j ft-J^ i, A ^ 5 : f ji Uajf j^r* dlii OlS* t Jb- if j^Lp 

jl J f* »jfA r^P i>^ ^IS* ^ ,lii» 3LJ-1 U^y-I pi*** OUj^sSO^I 
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t 4JbUJ ^^i ^jM 2uLJ&\ j^aJl Jjt J^ ajlT J-**- t f 1943 fl* i-»»jf J 
4*— f i^Ji j* oij-Ui *>Lb ajlS* yu t f 1945 fi* Jj .^M OuJ-t J j£ jl jj^> 

c^jU Jb»() l^b J ^5j U IjiAaf 1j djJDl j*b- »jj-i" jiill frUJWl *ict £>j 

Ui .al^ j IjAS* Adj^ (£»> >jij ^ji J^iji! < jj* jLi cJj^ ^U c^jjS' 

5— jjJtsJl i^.ftjjl j^ Ujf jjjij cA^tsJ UiM y^b- dJb-jJ j^i jLii ^jlS* jJl 

J Lfltf*t ja tils* \*y 250 ^ jftft dUU j^Lli^ JPUL» ^) 
A^wxll 4^aJl -JaS 3Jb-!j JJb*- ^ C-£j U~£ C>U* JLA3 dJUb • 
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The Function of Genes 

fl934^L^£Vl2UL^ 




J*ju jLcu j^ljf j^jarJj OUj**>j*jj£!t MJLwl ^^Ip 43j-py (OluJri) OtfjjU 

3 J Aa* 4Jb*- As;- jj <^ (^J>*) ^J>^ <j^*^ <J* ^-J^ ^^ U^ .Sijiii^ 1£&M yj 

Jlj~Jl IJLa ^Js< ^Jb JjU rjj*" Ji& ?kjw 4*^ 1$JLp tpjJj cij-tfd l$JLTl 

j/y JxJ J^.» J^jJi Sy UT t y*-» j£j> yb ctfifcj «il DNA— 11 olkk* 

OUjJi, s)l) 4_£-jl*M OULtf U 4 ^P-jJ* 4_-mIjJL]1 j* 4s*^ t^JJ^ ^*Jl J^" 

4P^ J oJj jL^d ciPjiy ^r^ ^ G e orge Beadle Jjl* £j^r u* 9 ^ ^ 
4 \&k\ 4kJ-\ 4iijj jp 4] 4^br i-ily j& .fl903 flP ^L-tjy ifllj* ^ij £jb=- 

.4jLs*- ti*i ?H"^ c4j^jJ| *Ip j*~*o <tusi 

4-Jtjjll j p Iff, ,^j^ ji>-ia^ SjjTiii 4jwUrl y* 4-Pj JIp *U dUij L*jjti\^> 

Jj J— »yj i_ fljjll oljUW 14 oJjj ^Jl U^ 4-iJjJri i^ljJl j\ iULtSjAJS 
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ijijij 4j^rt i\*T% j0*a*A\ Ji J^Lj **&\ .SpUpjJi j^- J J^jJ *i CJlT 6 U*&M 
L^yb ^5-Jp oLJjjli u o^tfj ^i aijkJi jlo* aJjUj Edward Tatum fjjtf 

U$£c ijL?- f jj Jft^jf jP £**Jb UjUp 0Uj*it Uj .^^Lall jitjil £**- j* jwai^j 
utUs-- — • iNeurospora (1jj-_-»jjjJ) j-i-i jap J U$JU? t^ji c<Up jjul! 

t APl_*» 12 J*>L^- .^JJ 51 ^y^ 1 ^jjJ- Vjiw^-J If* J^p ^1 tJL-Jl 4jl^IU 

uy AJljjJi olyilaJl cilpf) j*Jl JIp 5y£Jt OJLii ^ys-f 3u-C iii CUilPj (4~~Jl 

.(tfiM 

1 a Uljj 5yt CJlP \AH cOtJUb &JliJl dJUb ^a ^Usa^U Sjdll APj^stl cJlT 

j* Syiiall \4ujy M Cj»13 U ldj*l c JbO^cJb dj^J jikll jiijJl iJLft *rU*5 U bL£*& 

t r , , »UJ j* ^Uf J^b Olj^JcuJkl oJLft i£J&*\ ja Q$jLj> tpljjf * y\2j JjU **£j 
OJlA Jjo 4-Jj-jt j£)j .tfli ^UJi ^jjJ^ Jl-ijJl ^lP lf^ JT 4^j=>s c4All»%ll jV^^I 

j^lj *uiJ l^u^» JIp tj^\5 OlT ^^^1 jitiS Jl j^jaii 5Jb-lj o^U liU>l t^-^jU^I 
j_J — ^*Jb LL^ l^u bf 0j3^ \Jqxj\ lAJbu .l^-\sij ^jIp jiiali jiaJl jJLOj 01 Jji 

4_Jj liu>f «^JL3l dQi c299 ^#H\ -</h& J^j >Jb iJb h& o^lj oyi 
g — * j— p 1j*-L_p <u* ci«r ^3 ji*Jl lijjA J o^ikJl J» t JiJ t Jb ^ .Be 0iy»M^ 
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<J—£ J^j ci^O So*sIi dJu» JtA^ .<#JJ jc^i dUi gbij ^Ip 3^13 *u? (I 299 

oLJjjli .i-J»i 28000 J! 25000 JUiVi ^ uJ t^L^Ia £>li» ^ 

recessive 3—..'h:aU oLJjjib 3j;__^l oia ^^J . J^^H ^Ip 

^Ulbj d^LJU I^Jj J*£ £~r i^lsll JJr* Jj UjlyJ ju^Jl ^jl* Jozjj tgenes 



j&» ti\ gu ld$3 t^l Ja*b- 100 j* UJj* (Ujij jl) UJj^ LjPjil jld .SIjJi DNA fcjj*- 
u*-* (#jv*J* ^ £-* j* Sij>i« 300— It op»j2Ji «JU .DNA— U ^rj^>» 3^^ 300 — > <d 
DNA ^j J Jlji ^ #jj< **li£ 4 03j 4*>jjH* -oo^ij ttj^ Jifi DNA— 1» &j*- ^f y J-.lT 
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Ecosystem 

fl935uaL5u£Vi: 




i$ 7^ij Ail=*il iJ^- 1 ^'j^ l# *^M ^jj j* J* frUj ^ j J* ^^ j"j* 

i^J- iUll jkjl <.y>\ jfl J& Ug*» .4iJl JlP j-^?UP 1j-*»j^ JiJ tyf-T ju*J -V^-Laj 

2—* J ^IjJ aJU- J 4~** 4ju J ajLJ-I ^l^ity £*£ Of ^L-jU jJjT iJjoJ f 1935 

i_f^i j_e d*U-i jcaiij *L*-ty jJU! U^i J U$* (jjkf Ju^i ULfe otT jlSI 

.feJl pXtj ^Jl 

Sd>LiI$¥l 111* ci> lJu£ 
.fcjt ^JLp ^jjJU j^A-i Jjf JLSlsJl* jSo ^ 4& c Jj*Jl 2a^ A^Li 

yi_ity (Il^Ji j£> ^ 1805 fip Jj .^j ouijJ^i iy aftkii Theopharstus 
.«SjLJi siJ-i jktw» j( vegetation zones-±\ Ju?j 
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£\j*\ Jj JCJi t jijjb ^u Jb-I cAlfred Wallace yjhj JbyaJT o\T 

cJajj gjJl ctj^rjjsJl djji «Uj1j3*i Oljkif <^yll (tall JLisf I tj-£^ £-»lsJl Oytfl 
frl_i=3l J*>U ^ dShj t 43%Jl ibU* Sjji ^y^p jJrlj *d1j. obljJ-tj obUl & 
oJi — ft £*£ Ob U (jo*** ^JjJb it OtT JUJl 4^b>1 U .isJl J <J*rjjid\ Otjji 4+aS 

.f 1871 ftp OJJb JuH Sjj^. ttfe J Arthur Tansley ^Lju />T *Uj 

4 — JjJl J--*. J a^Ujj AsJUi ^JL-oU jP cJ^P .r ^jy»^ 4jwb>- J f j OJLL 4*alJrl 

4-^51 ^5-iP i5i ^J j-TjsJl* ^L-JU Lb <4&-i1j* J*>U .^1 ^jil £UJ Ijalf I 

2— *ftUl dJi ft ol ij&a ote Uuf 43!AjJI ^jU j£Jj t^JW?j ^Ip (l -a-^ j^Jl ObLjl 

4_jl ?jyu. ?-j oljj^s it Jul m ^^a** £• oo^rj ol^pf 4? .oULdl j^ 4*m»!jJi 

?8y ?cil JlJt-l £j4-» ^ ^^rj l#w c5? ?fck1jJl ^b*^ £jy ^^** <->L£*pf 

^A- — bi oUUl c# o\W*li JJ* ^p oj^ ^Lju iJjif ? 1930 (JIp J>1* 

<j— Wj-JJ Jaia^Jlj J>^b 5X3 .jLsP^i >J J OUljJ-l Otjsfty Jb^l Oji ^\T 
j ! tjbS^S dii i-ilji 2b( 01 jJuX&S U OlPj^ f .c^LiP^I Js- £j\s& ^\ OJbJLiJ! 

^^^ ULilj 4JLJ-! OIjjjUJ SJLjdl ou;iS0l jL^j 01 aJp Ob iljif U0** 
tfrL_U J— ^9 — (3bj,,h til ja— AH) JJbjjU* JfijJ* ^Up? tlja^fj .(OULdJ v-U^I 

L^iliU LU Ulkj Jifi CJ\T l^wji *ikw JT Ob ^1935 flP J>U (^L-Jtr jif 
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* * 

£lj_ jty £—**S 4<j£ »jf^j UJaP U^i» diJi OlT JiJ .JJil Sjj-i*Jl jjjl AiJb 

.U-3T ^y-^* ^ yjj Ifu c?^ *^^ Uj tjiaaJt l$.ft«J ikjy iJL^-l 
f I ladf Jt UjjJb cJb*0 SjjJaJl jjJt 4JL*-£Jt iljll j4juj iJ ^^i\ *>J*&J *^l 

cH<; ,.V7 «t JIp obi» jULi ^t fikJi J>b otf\£)i j^ cJlT ^ J .£jUM j» 

jf ecosystem J» «<^J» ftfaJb> ecological system ,*-»f t^l~^j? j-**^ 

4_.br Eugene Odum ?j>j\ &rj-i <f-&jfi* <K-«i» r^-> ^J— * f 1953 
f\kJi fij^ ^yi c^JJ* c«4iJi ^Ip c*L^uf» j\ Fundamentals of Ecology 

^U^tj J^dlS* obJilii *ij .pollination £eils!i U*p ^ ^Ui )j^ 
.UbJl JLiUftii J**l£» j* %90 ttfl Jbrlj? U ^Utflj 
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2U^I j 2ULuu-all S^all 

Weak and Strong Force 
fl983 jl937._iL£S¥!: 



P • — ""~ ~~ ^~~~" •--;•.. :"• •; 



^»j (^^tajSJt) Carlo Rubbia Vfc jijlT «o&3SW ^ 



^1^' ttUl £**0 USLlaSVl lit* Jbu 1 ilt 

0j_ S3* |tS^ V*J?UUj^S3lj A-jiUr* t£j3 Of 5-UJUJi J&pl bjj&\ ja AiuiaJ 
4_5^-j^ Ol—Jjjjjj j^o cil^ OljJLJl ^jj 01 jijJijJl dj&\ 5-UIp J^-j UJby .dj**»U 

flg.ft «; jil J 5Jl$Udl iJb^Jl tSjSll Of lilt tOiJ ^*a* jP J-**? ^ j> .LaJjl 

OljJLJl Oji sr - >ui> j£^ LpUAJ JJbxrf OljJUl ^^w CJlT (I <dUi & ^W^J 

cfl937 f\P J .(Ujw?j 4jj3) gyjuo*- oyj* ^y o^Vtjs^ 1 j- 8 ^t^ 1 s^"J* 
ci.t t<1 Of f 1983 f*—* J *i\ <L>JA jl j£)j tJijSJi OjaJi IjlSji ^*M> caJ^Ti 

^j $£l sS ^1 (lull J* j^J ^1 fcyty c^jaU U$3 0\3UsT^1 OIJLa J*Tf 

,lS3l frbj-dJ j-iU»^I kjillj ^JtJflJt tSjill J^J .^*^ ^^ ^3^ ^JO 

JUs — *>jjfj tS^lj* — * ^S* <*fr^ J* J tf 1666 fl* W^j *^^ j*j*> ^^ 

Oryj SJl jryU Of 5-UJUJl jb .j*£*£ £*>b!l O^all Jjljf J i.j.*Jp\i*Ajj£S\ Jjj~~S*Uj 

.Oj-»L 0jS3l OUS^ 

jj 5j *i o&Jjili oy^ l>° *^j *J ^ <xr**^ ^y*J* j-JUjai i5j^f c Jb- 4jf ^ 

i_l*Ud1 OU^JJU i f~J?\Ju>jj£S\ yuJb U?^ OlT .ojJJl OLT J^ JsULM Js> 
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«4_jj*Ji ij*Ii» ji strong force :j^*k^r oyj* ^rij? <-r>j^j *UUJi J?j& 

V* — ■ * ^t) <<44*-aJi 3jaJi» ji weaA; forces (J^u SyJi ^ dLJ: gjh $y)t) 

0? (•— tjj c^ii*- uyjSll gyU j* ^ ^r*y JLp JJ^ <j\ Jj* { .(^UJ>)M JJb*Jl 

^^-Ap iS ^Jji lilt <ui ^1936 fip Hideki Yakawa ijtfj* ^-u> J+j 

j_a ^ I- ijl— Sjj (jb .(AjIaU j&*^ J^r^ l*i» r j^ ^r^flAJl J* OIJLauj ji£a 
3j^-J (hjh OjJJl oU~*JrU U»L5) Sj^T OU~Jr Uku brUiJ Ij^je Ja^*i 

tf — fc j* (gluon O^jlJi j^ ^ji) «oUjj-a-cjuJi» jf pi-misons ^^ t j**Jt 

L^Sf I Lit OtjJLh t^ji J>b isyry CJIT OUjj^-^Ul 01 ^jw U IJLft .^UaJl 

.4— ij#1 5j5JL-j ASj^idl ^JUri 3j3 Ji£ <^Ip J£-£j tOUjjil Ob IjlTjj r^Sl 
OU a >, — iVl fli_ft 4 bT Oibjl l JIT 4iL ^^il clJU ib^Jl AiUP CJ\T (^iUrl 

0jj--Ii oIqmh r J^i jJ 4>» cj? t^jdi Sju^Jt 4jjaJi SjaIi of iji^ji Jpj&\ 

.UUjJ l^a 4^f ^lijj ^ jJLi 01 Oji *U^]j cAjjaJI O^aJU 

^bijjl ^ ^ JjUj ^l/jfj *LAji^»j ^^ j^ JT ^^r? ^1947 flp J 
oU»t7m^ \\ oi_» o^tf .jw 3000 ^Ip ^ SJi^PjJji oLUcu^j: jjylt cjlp 

.lj\Tji i»y>^- OLiku £s*^" t^ 3,51 " ^"^' '^JiW^' 
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^J— j Oj*—^ oU y ^ r j* OIpjJ L?!>\r cOjj^ ja OjjUI &\ 0^1 ^ j^i 
quarks £j\jS}\ orv— » oUjj-UJ J^ij ^ 5jLp ja <^ji)i J^iaJi oLj tOUjl*)i 

cij^jdt ^jty ^*Ji jT^lij t Carlo Rubbia l*jj jijlT OJ^J (>1983 ^ 

4_JU*J 4 — qUC| Oju . Jjty S^JJ Uju4)1 Sjfll ijrj OLft *AJ:> tCERN Oj^Jb 

.uAo~Jrt oJU* iby Jb ^ j*Ji 

<:■!■■* * tf 1983 f\P J .A^JuiaJi «c^-*»jJt» boson j!$s p~»*d 4§UaJ\ j* aJiT 
v— • Wjj cr^ .ZjW^ c^**Jl c^jH^ L^-^r ioUasU X*jJ-^ j^ J^ *ol£ 

■Jo» 



t jL-?-»j j^r ojji jr L^ 100,000,000,000,000,000,000,000,000,000,000,000,000 

■(^j^ 1 " !3 y ^j 3 77—! u^j^ 1 *^jj cMs ^ i*j 
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Metabolism 
f 1938 uiaL^VI 5LL 




?J\JJ&\ JOJ% ^j»~±\ t^ UU J*iu cArT ?wi/ J&j .il^cul vilftAja* t^ 

i-^ ifj±J\ uiJ^ 1 W^ *»*^ J* «SLJ?1 (•-*■ J ^JM J^» *JLp Jl 

juJj? o>^rjj Archibald Hill J—** ^i«f jf ^ik^jJi a^L^Si ^Iip j^T 

^t_iJ Li^t jj bj Of £lku*l t f 1913 fl* J^ .lf*ftl» frldt Sjly^J c/>U*Ji 

*i 01 ci-5*fi t»*U* 5juT as-Sjo cJlTj .ijlj^l a^-jAJi j* 1000/3 J^oj cj\jJu 

*UjbM Otto Meyerhof ^jV- 1 — * j-j$ i^iH\ J&£\ ^ ij*t i-> o*> 
j_ ^ U&jt — • t^-^j -anaerobic li-?j U+d\ oJLa ^Ip jlbti c^^JUwJi jaUJi 
J? Ojj_>T OjS^-L-j Jbrj UT .dLJJ' <jfc*t»- ^JL&sJ U^ ,#v«ijty cJU*s->i 
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j}> .L^Hj* J*« of ^ cLJdb f 1900 fip Hans Krebs cr -j/' jJU& .Oj 

£lku-^ .^OSlJ ^^lUaJl £~Jtj fUJ-t X$ iJ ^t/ ^y tf 1937 fl* 4i£ U^U 

*_a ^ Ipli?) ObjSUl $JL*Tl j* Af U)l ^\JhH\ <y *-** a^\# OL^ cr -* Of 

.ls*j y-^t JaaJl i£j£j \#* J^J 0^>jlS* olji ^jt J^ j^jJi <^js*s '(iji*^^ 
.43lkJlj frill £• 0j>jl&1 .L-^jf {j\i c^uif 4JU*Jl dJLft 0L Ja^*i US' 

^Ij-ll dJL^b J^-T Ob U .£ j-£jU J J-^l ^r^ 1 JLp nJUJl oJLa ciU?f 
Ja^ UJLP JaJ-l Jj( ^j^-ijT f jJ Jj^fj ?#& Jl jSLJJ ia~Jt jfcjkll* 4JL^S3t 

£-»j Ijj* ~*JJ* J^> JU- Ju*3 CJlT 4JLa)I Of j~Jj& £-£* ^ ^^ ^ 

ol jT^ll 5jla> JS* c«*cyf jf cdLjs-Jl <j^l£ ^^ ^ .aJUaa^ aJL*-S* oljk* 

^4^1?" 0j& tdjia^- j^Xjj .5j>dl jp 4Jb)l djla^l Ifyr^l ^\ Je&H^j AJL*-^Jl 

JL_?tsi .5^1 Ot^Jj^ 1 °b^J ^j^J* JL-i^jt ^Uj :5jjAJl dJlA uaJj> ^* ^-J* 

ftl — i\ gs— d 4-JliaJi JUJl OUL-jiJl ^ ^jij ^jr^ju^j^l j-« oJLa c^rjjJLii Olji 

.U^l 43lkJ tij* J abjlbJl J*p Jyojy tfJJl ^L^)» vT^ cATP— It s-S'yj 
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$.1 — l\j &j — t£l\ JL-^jf 'ijti fy Jf \#j> r j£j tdjjjJl j^*Ji ^^tyr J*-*tf 
tliajJl cj.t.fT ^3 crf i J T JlT tf 1938 flP JjU-3 .L^UIJ ia^dl ATP— It ci>»j 
t^oo ^ 03 U( «^j -4*~Jl \A\Ja2; ds-UTj IjUto A-JjiJl 4JL«~&J djjjJl OJLA jP 
4_Jlb Jj fjjl J Ob^LJl Jjj£ : Jjty iLftjU lk~u jXj <Jja ftift t^ J^ 
4_*bd1 O^L-isIl oJLa tpjJ UoL^r? J v- U^ JT 3f UUftjAJ j**b U .b*>b%JU 

J — \ji i)\ p~Jr\ k**>f* j&xJd j& iLfJ*> f J& J* :iiujla $*\Z>. ^ -^ 
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Coelacanth 



J.LB, Smith c*c .4 J) ^ ?^LuSti a*j 



i^^aadJl 2£UI <>+«* cfcLSJSVt I JLA Jbu lilt 

OL itUUJi £& j*\ j& t dJtf%Ji uiu^i >lp ^1938 fU< ^JUJi (luJi jiw? 
jSji oi^L^di J*^ ja <JjyA>\ JU JJtfli t^i uiUsf^i iJU ^^i .tfu*- ^ty 

. jUi^lJlj J-«Jl *jJL*- £j& gal JljJ V ArTjijri IjttJl lM ^*J j 
4_if cl*tfjL* ja tJbf Jib c^J dJlS%Jl <JUsTt J^ ^y-f iL/f j^ijai U 

^^_Jp J S 7|U j y^Jl ^\^ <J^jj J^tf Jj( j\T ^Jl3i ,J*~Jt dliJJ uyyll frbjjty 
tlJL-& .<Jji i$j)& Jjfj ^U^j Jjf dliJb c)l& tfc £uJl j* 0y!Al! Ot^ JJ i^Ull 

0ijJ-i ^ J p**t\ uiusf'tfi iJLft op US* cUi^L-i JJiji ^ u^ij djtfbLJi o» 
^^-Jp i«J cUIp c#yjj c^Si j^*Ii ^ SaJUi tMargorie Courtenay-Latimer 

.1 — -ijif *->j ar J» c^JUil Ja-il L-Jbr ^jIp V^' *^^ £~*ii *^ J Jft*^ 9 ci^cw 

Hendrick ct— -y jJbjJ ufc juL-£Ji cSjlJLJi Juf jja o--aIi ojii Obj JiTj 

AJijP i£OJ ^Usa*iU 5jjt«j ijjP iJlr'i j* Mlla^u U> ^ V^iiaj 0? litaw tGossen 
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aJ ft CJlf U 3^lP j^Jj .Jip*£\ J ULsA* 4Pj*j£ Jl l$siU>J Jby 1$Ip t*Lit Jl 

(JiUa-il f j_Jl iLJi J ^>Ul *lp ilk* £udU c**sil jUj tJjj^jU colT 
^Ua-JI c-aIj Ulp cf 1938 ^ j* O*-^) Jj^ 1 ^jitf* ^fi j* OO^J ^^ 

.JLaJI \j\JA Jl)Ju 

J-^ jl.tiJL-J* .UoJLT Uj-LJl jkUlb oU>Ldl flJLA Ji* J ^1^1 fU? 01 M=*il 
C^ftJ cAijlS OUjw? dl^ti .lj,\ aJLft ijwjP JU^ ^^ 3^1p S^ki clSJj j* IJj i£jj*j\* 
j$> Js> iJj&l\ J*jjS\j a-pUJJi ^br^l j* iojT c*£ ja jjj ^I3jj ii^j ^Uii 

IaLjP I^Jp C**5j ASCtf* 1 J^tT *zL?j U <£>jP)ll Ob clfdsPl ^\ A&ty 4^1 jb 

WjL Jl AdU?^li .JJ j* U£l alii J oJt^l fr^i <^f Ji* j& jl a£*~Ji of tJLr 

j^Ip 4,-*i- jfij*&k J*! '(^k* J^s* t£^ 4^wJl oJLa cii^Pj JaJy 2 tAPjj ^ ^ij&\ 

.c^"j3b li n-ft.>.jj IaJLpLms) A^w&i li\S*j OJb tlg^-*^- u^ *i\y? 

c^j^pj\_a c-P^f ti*j*iJl 4^^Jt aJLft Ujytj j^UflJl ^i^x^ Jl Ij^lj^i oJJIp 

*> fit 

|4uj OjJU 80 JLu 

J* *» 

oj_^- ^ ct-^ c^^jj WUi ^Ls-Vij frU^i ibwt J. L. B. Smith d^ 

I^A* jlj ^*>Ul JLP ilkp frUai Vfu*- (jilito jj-JjjJ* OlT t^-l tj*J .OJJ C j] 
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* 

:r>j-J jj~JjjJi lA (i^i cJUi^ .f 1939 <(jety) ylsli OjjIS" ja viJldt gJ~ IfJUj 
.«43j-^jlt aS^-JU ^UMj *Ua*tyj ^^Ji J^-Al J& Jai^- !^» 

J <JjJ*j\—* ci — «• d*?' J-^J -lc*^^ c^J*^ C.,,„flJ JLd 4^*~Jlj \2rj& US ^j 

!ii-» OjJU 80 j* jftrt u^^° ^ JL ^' ^ iiaiS%*i dUi OlT Ji) .Jbttll 
JLJaJ ,»L. ^ c)f JJ lib- A3LS»j AJbjb 2L«i dj^P £jl dll? CJtf' Ji) .JaS JL>-f ^Js> 

ijtyr J* gj-U^ dirty &L+ ja ^.iT itflTtsL-i Eric Hunt cj^ dy a-«ii 

.f 1952 flp 

J*i*i t(s jjLAi ^* J ky^\ **^ £jjty Jj^ f 1956 flp <m=f J j^S» a^J 
Oji olJsJj! J ^jsJl j* iu- OjJU 80 y*)i j* ^L jJlS* j& til -(M jj-^ 

.OlJLJb Adkdl dLL? J dJ\r^L-. ^U ja j£\ J* jjiyJt ^ cfl956 flP Jb» 

.*t^^f i-fi ^Lr* vrj ij# JilAi (Ju^T^t iJUb ^u ti\ Oji Jb- 



iLatimeria chalumnae ^^JWl ^^t CJlT , )L-Ji JLp £-*•• jj-^ijjJ» jitf * 
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; iUllj S*JaJt JaiJ- ^UJl il^t fi .SIaj^ JiLi». ^— v 

£jif ^j_ »£( IJLj* j* .UV Uy 40177 Jr" j-a: !>*>• ^V/ 
si* c-uwsJ .jH^li iiAjll ^lyty **tt j*J» Vp> 16119 • • 
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Nuclear Fission 
f 1939 lJjLI^I 




JUsSTt 5 JiUuSVt *JL* U 



Meitner >»u >$ » hftrsw &* 



<» w1 tx-ti ^m j^ d»L2££Vf CLk JLjlj lilt 

ihjJS\ tbjJJl Ji*- J djfc&l OliUsf ^1 j* JbJbJl J <Jj£}\ ^ji £jj\ j*z~»i 
.4jjjJ| djJLaJJ ^^-jjll u->ty j^^i 4 ls^^ •i-iaJ* j-*- j*y\* uSLS^Tl ^vj^ 

.* g«c j^\_t Otto Hahn JIa jjjtj Lise Meitner >^u jJ ^ JT aif 

J1 fej j Uyft £3lT t 4*jJJ j-^UaJJ Ufujlji j* s^y^ .Ulll tcJrJjH (AsfLi j-tf-flJ* 

L^tfi ttransuranic elements f j_Jt jjJi j* Jitf oiji J^- J^r^ oi^J 

*^_^j (J—?- —5 JUj^il* jJ C/)J.iU* <b OLtf U ^^^ *^A JT J-4P ,W£ gijsll 
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ja j£\ OfrU j^J t jaf oiji o^-tj? 4Ji^! fJbJ ^ibj-i c---* j* dUUA jSo jl 

JU- IjJL* jl U4j^f J <^^5 ^ ls-A Of bw?lj 0\T . JU-Ji lJUfc J J-UJb aJjIj* UU 
jA±~j> j$*y£ tPU^J JjaliM ^jejlJl JU«-»b ^^OSj &*■ j?j*}I O^k* Jj^f j 

01 — & j— d» OL-S* ifj^lj J] f j-HjjJl JJ^ J^ . j-idl f Jp^ ^b 5 u^J ^r^ 

&^~aii jJb*s5i b\£\j ^j^» ^/tiJj f js'bjs'* *y?y. t^ 1 f ji^ 1 ^ 1 c fjAj^J* J^^ 3 

ji^-^^ Jjii ci^At ^jk* ijj^i* jJ o-JL»J cAjj^Jt oAA OU »\x\ ja <ji&j~*>\ J*> 

jj *■ J**o£ i <u£) OUjJjjJl j* <Jis£« J~H fJs^JjJl UUfiS 03 0U OlS" .dbu*j» J 

.<^r U vlJ*- *£d ^Js> 4UpL*1 jJ Jj OU jl*jj ci^ujiJ! dii •tfjAJU .14 

fri?M> ll r>— tt j& Lf*^\ bfclAji* *i*jt 4~2^ J jJ cJlT W~jj if j~*i\j l»Jbu 

o i\S" JLo5 .l^lj^-f Ji^AvA Ig^ii Jji oijJJ iibl>- Sjj^? l^ifci J Cm'noj tj^JLl 

4jjJUt ^^Jl ^jjl ^^y ^tij Of jJ Oi\T d*s£ Sjilj JU^r^lj 4jj;J-^ j^ 5jj*aJt 

.l^Ljtf J l^is j^j ^j Sji JT ^ ^jT fctfj ^j 

Adl—^1 ^' J i' ^ • 4 — ^ ^^rf ^ c?^ 1 V'ji-* ^-^J *** lif U*j7 j^ cijp 

t^j^f ijj^ -^yr Ojk»ioli t^jJtjjJl t^^ j\j&»>\ ja C*pjpj U3 liU^J OUjJjjj 
f J9*bji *J^ J^ ? ^*^ til ^^^ *J^" ^^JjH t*^ f Js^bj*'^ <-A^ 0? C-i-jf dJUJbr 
dJ — ft tbL_^ 43lkJl j>» 4Ula OLaT jij£ j-fl cOjs-ij^J^J ^jdjVJ* ^w <ue^ j! 
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— * ij^ f Ji j$ Am j* &jb 2:20 *PLJt pl£ JUP cL^fc Cljiu £jl Jju 

^L^iii Enrico Fermi ^ji j&yj ^ ^1942 pip ^ Gi*~^) Jj^ ^^ 

^i— f J_J ^ji OlT .f jJljjJl Xj^jl Oli^T j» OUbf 4ju4-i 5t^jli oJij&i 
t^ia-» OUi *4jb\ obrylt c*£ £dij JMjO u^U J oJ^l jlad ^ 42000 

4i5 -JLp I 'tit JLw a^UJI ^^fljJl ^ c^sA* jJ 513 j Jbu t^LdJ^la JjLo^ <0) 

.*«f ji>au*» '^k ^ j-^UaiJ i^jj^il JjjJH • 



<£_)! ^jjT uH* J^ j£ .OU jjjI :l$j'&L*f c-»yi & grj Jj tjjji idr & d*!** tU9j 
0\_j» j-ij iUjjJ jP j^Jrt ^U? 0i& il^» bf j^jU Jjf J tjjjj jftj*- j* #j>V ^ ^jb- 
i^j^Jl jlJa-SJ^I (JUiTl j (Jj^t J-^Jt V"^) j^ JJ^ J* *&' t~j*-J Vtli tbrj* &3* 

J Uu^lj U US' tlf~£ J j-fls^t cjiJ* ^1 ^j 4-^1 ^LJll fOP OyTj JU ^ V^dlJU^ ^ 
^J — II c-'i^ (^J l5iUfl3 tjrwwxJJ t JlJitji* 0U"1 JUj ysjU t jijs^Ji tfJlJ .A3 I^AjUj ^^a* 

\^i,n ^ ^1968 fiP Uj? j ijj^3 j^-i U^JUotf ^1878 f u- tJiij aid iiu* j^i *-»jliJ Sai 
,^-Jp OUb^ ^ ^^ UfUii |l (109) p ji>4» j (105) pj->Ul ^^4^ J*\> tOLM 0»jfA 
,^-Jp 109 j^wJ» ^ j^Jj ifjrtrfj^j fjJbb j4xd\ p*\ Jta-i^t ^ Of JJ -i^jjaJt JjJLi-t 
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Blood Plasma 

fl940^L^£VI 




?<;*£*}( ^tUl &** U&UuSY* \JA> Jbu lilt 

Ol_J*P CM L-ftJb Oft ^ jtf .Jj**3 ^ UJL» Uj^ J*tf3l f jjl Jj^ j& 

.5UU* U? dUi frlyr ij*U* tv-i^i olJUJl 
ciUaS^I IJLA 1»13 tUj^j ^1^ 3j^o ob/ Jj full J^ad aJUp jy Jl&£\ 

j o JUJUl! 5l3j> IfryJ ^Aj *if (AjUU 3^k^ il^JLd ^Utf ilajJl dJLft otsd U j&j 

J^j .(A,B,AB,0) amjH\ hyjl\ ^l^UJ ^liiAj^ JjiT Ju^Ti jl^» ^iJi 

.(^....0 + ,0~,A + ,A" :5fcU) **yjt J& RH-Il JyilP J^ <Jyd\ J^ j, 

,^5-Jp OlT J&j t\*js %100 a*JL. foil Jis IJUp o^u^f tOliUsS^l aJu* 

tt_j fc l 4_Jl J^tf-I j& U JS* j4j5 ^yu fOJl ^ ^\y\ 4J\i 0j^ J^i oU^>,ll 
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JJ ^J J,\Jbj X~At OlT JaA\ fjjl ^Ioaa OL$ t y>5 ja j£o Uja . V"^' OUiaJl 
UJLP Ijj-T 1^^ j£i}S ^JiJ "^"'•^ P}j*H\ (j4*J CJ^d t«U« SibL*»^lj 4JU*U*»1 

fU iH I^uf iLSwwa ^ojl 0j^ ^fi\ .^jlU Jl^-f OjJb i^yr aJUp **^r^ jla^w 

. la j*P OLJ.M..T. .Uj Wj£-I 

ca«p u fe A vx jk^ij 4Joy»Vt 4-w>u)i J Charles Drew jy jJjUi^ jJj 
cc— -»jjfi» 4_ir J ijjfJ^j U^Ay ^y' f^ */ <~**1 && UiJ .f 1904 fl* 

so^tj) uur j j-*£* A*oUi aJaii a^jjdi j h*\^ j^ jj t ^i928 pi* J 

jj^ t/y 4,i5uA .(f 1928 flP ^>Jt o!AWi Jji J JftUli ijwUri s-^ 1 ^j 1 ^ a* 
J Jj-jif l ^ yijli j^-ijjJi cDr. John Beattie ^ Oj*- jjsToJi Ji^i o* 

^jJL-J-1 £jl* (^JLJl fjj) Ojp^ fl^ai JUJUaJ J^i? l^ljJb jjij ^j U tf 1930 flP 

fl* Jj - Jl£* »JUb J jail fJ&)l j^ JJ* i*»UUt £jij ^1935 flP J jj* ^ 
tf jlJi j— p <e£ J ^^ii t^jjijJ hjJs t L^jJj^ ***^ J ^ V 1 ^ Jj 3 tf 1938 
tfjjt ^b jP j^j^J-I AjyjJl Ob^Jl J-^ aJ c-^jt* c^jS'^il a^kU *~& jj^ <£■-*■ 
.«fJJ» Uj^» jf blood plasma pJ «^ l » ^ ^ jlfctt 

^Jr iL-Jb 4d»lP fJl]l Uj^j jcyu UiJ ciiJL^ f Ijif AJl£ ^^Ip ^jjl ^,,.57 jP aIjj^jo 

c^l ^1—si c^^lj if\ ty—* Uj^AJl 05 J gjtff 3j .lilkr ^Ui ^ ()VaJbj f JJ» ^ijif 

.^jjl ^iJjal Jp\fli ^^ *s»i^- IgJp ^^i i£JA\ jA*i\ tOlT ^»JLa» 

. J.4&I fOJl ^ JjbV Uajj jAJ 01 jSo: Uj^AJl jP AJj^iil ^J-l ^Ut ob^T 

l^t S*j Uj^Ul ci-if AJ^U* ^jai f 1939 f^ y-T <Jl-^l Jj jji J^?j3 

4_^l^l JJ l^Jj frill 43U?b JbJbr j* (Lj-jS'^J S^IpI) 1^1 jjl SilPl £ ax* oliUi 
.^L^ jP JL»^I (J*^T Jbu JU- fOJI jjb\j d£j 01 USJ? ?tj^i iit*i .JJi 
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*>Lb ou^Uit dJiA c^v^f .l*pU* uM£ a~Up dUJLTj Uj^j «.iy- ij^o ^X 
Jjl jjJ> ^^J^yl 4^1941 fl—P Jj .^j— I* tf j^J» ^»JU^1 *JrU*j 5jb^ U^Ujl 

dLJu vi ^ Jl ^ Ji J^j ^j 5l»^j £^ j*^ J 4ftUtoj ^ ^JjuJ UUp 

.*j^-Ij d)T J aJUpj 4ftJL> *jJt JJL c^UUp c^v^i Jjy^j .4jrl** 

bo li tils cOliWlj j^j^i OtJb^ U? .jujuM Jju ^-I^lJI JLp c^j^ 
fjijjS Jjj^ (/^" JW^-l ^ <uii.Su» 3^U Ajjja?- <-*--»► cl)jUI jJa*M 

j\ Lii_u? bo t ^i* j^lJi j^^T tObjli$*>Ui <y» Jbjuli dJULi uT . chlorocruorin 

I* * 



j£)a jj^ Aj\Ah J^U- SjU- viob- J viUij t(OMUj*iH j 4-ot-Jl j^u) f»1950 fl* jji Jji * 
UJJaJj *y>U jST^t {UJl Jii 4*^1? ^Ovj Uj^Jt Jl^J 01 ObljjJl j* jji&l Jjtf .^ 
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Semiconductor Transistor 

^1947 jLiiVi: 




.4JU0J* <uJiJi iljJU jj^ijji^i jjb alLisS^ <d Jjjj ojjV Jjf o^jb tiyr J^ 

Uf *^j .(£J%fy> oLii) ^vb^^Jl jW^' J* j^ J**^ bL*-f jfc«— J l^» SU u^J 
0^-^ c/>U>jli oLif iuJ Jl jkie ^ lJb-f «it ^J t^ip £-»bJi O^iJi y-ijb c.j.mtjTi 

AJUa-^ftj Jut- p* Sj-Jb jt a5\5j j£l c?yi ^j^p ijfc* jjs-»jj1js!i gj^f jloJ 

iljP J Ojjj jja-jji*jsll uJJb-1 JLiI .UA3 UlP J±»*J-\ J*>\>- C~J 4Jikw OUjji&tj 
4 .jjjsflin 4 .j.uU Olj^l jj» fcjjJ-» gloSlI Jijw ^j*-j jj» J«rj OUij^^l 

^J 4 jit-* (I (JUll jf 5LJ-1 j* &k^ U^jJ ^ . JjuJU L& lyf JyjjJaJl *->>*>bMj 

Ms** j UJb IjJt? JL»-jH cJLS^I 

cijluaJi ^Ip jii *U3 t j£ oj^ruw *>Ut> John Bardeen ji^jb Oj^r && <& 
£ua_li t J — j olju^ JJ jj» *uJ?jJ jf j^ tfl945 plP o^~ bj. ^y v a **«t£ tbj-flJl 



268 



William Jfj — * f\Jj j* Jf g> isy&\ jt*j\> ^ ^ 1947 ft* ub^ J 
JUna-»1l» j* U^u-iji ^^ J if j Walter Brattain uy^ ^jj Shockley 
«y*\\*/» \\ <* U-i» *~*\&j ^j- 5 * ^ .oUjjsSCW J *JU>^ <uJtJt iijJJ J^sii 

. JJUJb 4rtjl* £* 0*b c jS3 
a- a 4— *J$ J3Ijj dUJLTj (J^j-5* ObL*c?- k*-p JLjS*bj 4-^lj*b <dL* jJ^jb 1*b 

J ^. v -> — It Oj£j t£l Jj 11 f jJUjA-1 JlP iJt* jjt L*k*> U?jUJ Ob jjOjb j> 
*JU?^» iUiJl £jk*Jl Obb>*i*>1 jA?tij SftteJl J^-jJ^ ?j& .^\^&l jLdl JdOJ *U 

4** ->1j 4jj^ JUoLo ijjtb .LiJUil f^Uty <T~*j>J tJj*J-J' tdijjJl t3jiy-1 4^j-4i) 

J^- f j»j itfU Jibe J^ fjJU^Jrl Jj fljdJb ^b^l jLJl IjJL^OJ £>f tjJjb- 

Jjty OjiL_S* j_* jji^Jtj <>*3ji) y\ftll jjytJ ^ pJa*» Jfy&\ lift dUlfUjI 

^•^l^Ji J9i£ Ol ijs^f ij^j 0? Jj 40ljU^» dJj* Jjx f 1947 ft* j* (jy*-*^) 
cXI^ w l JLod 4(t£jSf ^«r) 3jU»)|l jt^J jP U?jP jS3j t y-^l ^JUrl J^ AJ*bw 
tit* * * 

=# *s * ** 

J «3yu» d^A^t 4jl3 4dJLPl£)1 Ji dLLJl ^r^^Aj iki ja 10^ cAa^Ii jU iJLa j\ja\ 
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.UW 4*jlil» *i-zJe\j jLj ^y^ A^jlia -Jlp jlJ :1^jw IjJjb- ii-^j* «L-5> o^U 4jf a-4 

jf «transfer resistors J — aJt ot_ojtf*» — * 5y&LJaJi qj—* jOjU ^cf 

5ji_i»i ^j flJ j^.l^JJ ii^t SybUaJi oJLa oyj jloS .transistors oijjs-*»jiijj 

50/1 gfc* oijjs^^i^xit cJlT .aJU?^i UjdJ Sop c3u-*>L l$kJL$ dlJiTj 4i*^ 

i\j*r .5*UT l^iji *bt>j li^03 ja 1000000/1 j **>• ^? aLuj tfJUi jJ-t ,y> 

.*f 1956 ^ ftbjJJi J Jjj3 o^'br iftWi Jl^Jl ^IS nJLisfN Ida J^ 

.f 1954 f\p o«j=Sl) Jj^ ji^Jl8 J J^i .Regency TR-1 W 
L&^f !/^ 361 J*W U) ^^ y*ja 49,95—1 lyU* «jn-» Olf 
OL^bji^lj Cjh— *1 i)\ (|r - >lll ijSJl OL^U4 y-ijt J NJ «ii.ui jl .(!f2005 flP 



Oj^j Leon Cooper y./ OjJ 1/ i&jH jite £> tkj<A\ J 43 Jj^i 3 jj> ^U jjjjb ^U? * 
BSC theory ^ .^ .^ **>* (^W <--** dU3 tbr f>1972 fl* tJohn Schrieffer Jij* 
Jj—fr j**l <\M .*5jl£-1 3J-^jsJl fl^AlkJ 4-jUJI *ij^J' jf** ^ (♦^U - t ^Jj*- Jilj' S— **") 
tfjj** ^J U •**!) &J* ^^ bi^" **o' ^ U J t4i1i J^ 1 S? J^> fcU't* J^i U**- 4 Jj' d* a J** 

.^jsli -(Frederick Sanger >iU *iiij^y **& f cLinus Pauling jf-Jj^ o->=ij 
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The Big Bang 
fl948<_3Li^V1 




S^rUajJl ^>U< *>♦** JaUISVl Ct* JJU lilt 

.Oj— SO I lJL_* ajJjJ Jjaw ^Up ci^j j^- Sibr aJjL^ Jjt uij^lp J*p Jjj: 
t «jw-S3i jLjmW» ^ ij^iH SiVjll j^ &*JJi 4*JJy J^ jlfef j^ Jj^Ip Olf 

U—JU Of f llfla-»l Jfi 4JI3 cij^lP t)\T Wf .lift Uajji jj*- JU*~»*tf1 JL3 Jljj V t$JUl 
ijL&l l$*j-£ (JLp us-^j f j*j tA-^bj AAjJoj ct^-*J* il&*>^ JJ Oj&l ^jj* J^" 
t 4_-»lJj 4_jyjj ^^-Jp yii <£Jdl JU-I Oj&t J) JJlJ^Jl cij^laJl **Ji3 U* COli ^Jl 

. j**~Ji ^UU 4sJIp l^\jji te\b Aj\i\j^\ cji& 

1JL-* Jj .IjjT ibjj ^f -iJU* Oj&l Of JjU ^jJbl ui^aTi tf 1926 fl* J 
?L-Jb jjus* Olf Jj* :^lit J OjS3l aJpUUp ^UJUli ^J c^JUj JukS^ 

if 

ojlju && Jj JjU ciu^f II IaJ? 4ji Georges Lemaitre *ij~*~S ^rjj* Jpj& 
*L~JU!i ja ILLS fci cJlT tf 1930 fl* JjU .«ijjS3i 4jaJi» jf cosmic egg 
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) iJUJl lJUb jJjJ 14 £Jj*J&\ ^jjjl 4A^]lj «AJj£)l 4^lJl» dJLft cA^J cJjb- 

^ j» j .uijTjL Ujij! J f 1904 flp George Gamow ci^iP ^jj^- oJj 

*-3j — P U jJii S^ftUjl AfM^J aJUL»j AJl& (Jj*lP jP C-ijP tbt£ dU4 (wJlt Jljj 

4^-j^ *ujLJ J*^ of ^lki-.lj l&^f Jl f 1934 pi* *Jj^Ip ^Ia tdUi £• .*u!p <lp 
.J—i&^li i<^U)l J jk^lj rjj*r a*»^ AjjkJl frbjjaJl J (Ajjj~*ijjJl) 3lu*»^ 
1^-^ylP ^Ji Ai&iltj tAJj^Jl LiaJl fj$A* ^P 5y Jj*)f *J^lP p? UJUP i3LA OlS* 
Of j— £c i-Jj OU-»lji j( oUIj jf ^-Up f j4^a ^ Ujtfsdt d~*- ^ AjjkJl olft 

.IfttjJb*- C~£J jf LftJL~*J 

A^aJl ^Jtf c^Lall t^JUs? Ai\i£L> 5JL?-lj 5ji asj* ^ tf*- Lb JU 0j&1 OlS* jl U-3 

c^jj— J* OyJl 01 aJ^U ja cJfj dlyrf Of J~- (4* L?b^ %>P AjLJ-Ij 2JL*^)1j 
£$jaj&\ iJLft OU>bj J*ju*>ti .> jJLft ^1 J^ptJ ^Jl Ot^JJ*^' i£y d ^J*J j -*^- ^ 

j « ilis *»1 UT ilJ\A> AjjU S^T J OljJUl cilspxi ^*l£ Of j&»f U M*J j^ty 

^L_P ^U-5.^1 ci-tf ^1 AjjU^I OUUlj ^jJUl AJLiJl jt^aj jP LatUil ^JjmJI 
.AJbUi* *i 0j& il& Sjiy? jU J>-b J-**- U ci-^j AJb dllij itfjJl uii^xi 43lWl 

AJj^Jl 4^aJt jl*ii*ll ^iy ^ *-Jj^Ip 1JU tj^Ufllt oJLft ^ ^Ijj tUJii Lui 
jl^Ai^l lift J^ *J^lP jlfctt .4alJ ^1 ^IjiJi J CJU^ ^Jl 4JU-^I* 0*ApUdJj 

1 fll^a OlT Ala*JUl <jJUU JUP OjXJl 01 ULf L-^bj ^f US' t «j;uSJ» jl*iW» p~*\ 

j—P OjSjsll OUIjOJl JUjCUjb c*JJi A] 25* .^^sJl AiJiS* CJbjyjJ ^a ^l-»Vb 
Oj— &d - hajqllj 3jiy-l jj» t£>a3 Obr ji C*^ -ObjjJjJl US Je%£ jd\ AjSi\ 

« r ..» >■ ~^fcfj AJ^ AJ^ jtJ» 3jT jb%fti*il lltai.a 5jj-^ ui^jl* ^Ift J^-Jaj •ty^' 
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gjj! did! Mjjij ^r^y j\*d**i\ dUi jP 2^ <-^ -A3jj*» ^Ul^Sj te\jjj ,j6\jb 

O^JL-rJ) 3-JUall ^— « 3L'U 4aJ* JJjf Jb ^ ju&l jl*i>^i £)f c3j*tf> ji UT 

«ja £» iy* ^ l^,flA7 j& li,^ «^3Ua» ^^L^m* \#&j cOj&l *J£ £* o*u£j 

J * *U>jJa)l j* h>y£ 4JI fr^JUA^^ j&j tjt-JajJt jbjurth dlJJJ t£*L* jf oil* 

^ j^adl OyJl <y OLju-JI y-ljt* ^j&1 <^M £UA)|I IJLA JlP fj^-l j& 
ju_£)t jL-*4rt1 fcjlai 4*w? cJf U? t**JkHt <fji*\J* viiLiU OLA f lJb*&*1 J***- 
15 JJ Oj&l S^Sj 3y\£> JLkfTt tCJl^bJlj *Lu&1j *\ijji\ *>U*u*w» .«Jj*UJ 

djjj ptJlSf Si-» Jjkj hdiebS u^j* U^t-i <J^»l* OlT t3L2u>L» <jpti>- / — v 

<UU*j JLOd .43Lk*j 4J& J jjiw? CjyinT Olf <L$3j t^ 100 J J* ^^ 

.«4*iip- aaI& ^jj dLb: (£ill 
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Definition of Information 
f 1948 l^L!^VI ai^ 






Vkj**J* to^ j*> ^ J^ i*j Mil uUji l*y*P ISijSh 



Julys'! J-4i> dili J*fc dbf ^is cDVD— !i j* Uji jj&~j i\ij& Ufcu J**u-j 

Jl J— & OUjUl jf Ojili ijiT (JUsTl £• l$w^ A-J^ll OjjSJt CjJOi! .OjiU. ijiT 

iiUU <^\>* ji*tf tff aJU^» J^^*»j cOUjWi ja digital bits a-^Sj oio*-j Jj J^ 

Of ^ *Oijilj $.UUi] AdL^Tl «jT*j tlptJa* AJ^js* OUjLdl j* JjiLi Jjct 

*— gjjlt 5-_*JaJl ti-^jJ f 1948 flP UjJJ ^1 AsJlio C-Pi *tfl .SjUjIiiU j-** j! 

.ajU^IaIi j-^p *\Jj\T UpU oUjWJU 

uj .f 1916 fip i&j*t* 0U~~>* <Jij J Claude Shannon OjiU ijiT Jj 



3*^** OjJ^ .<1j*lM pj^i J OjJU jjs-o Jjf Magna Carta (^Vl Jls-U) tfjVS" LpU * 
fL_* John Lackland J— i^ Oj*r t£>^V» viilll l^U JiU* f <fl214 f Ip aajjJi cJLa 
OL-SjjUlj dLJli ^^j tl^l J i^ftlt *,-Jj\ iSj&\ &. «WW» ^J 11 *^ (J^S fl215 
<L* Sj^U b*_J CJtJ .fr*AJl ^Ul» Jp akabMj ,^Plldr)h OjjtflU dUW c^jlf £-*- ii-^S3lj 
J ^-J* Aij — * cM* f2007 ^ IP (j+~jS) iijH\ OjilT J j^ji OjJU 3,21 «ji3 ^li ^iu^ 
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J JL-sti c !\kil ^L^» 0j& ^ jk qa ^j frlTJUi jiUJb 45ijul <uu>j .MIT 

tJJLJ jJL_£oj SyLJaJl jLkty vjJ ^■■•■^1 J AJlSjf pjaiu <^a* OlS* il t *u^ 

C *• cfrL-jjaiH <ll* f 1938 fl* j&-*-lll J OjiU AJU, cJLM t Jb* if JL* 

^n\a)t O^flJl tS^A-P °V^kjJ iijjS&^l jciJl y^ Oy J- 9 ^' ft*-^1 1^3 ci^j 

5k~, > AjjjsS3! *yb of 0jiU> j^tf .George Boole Jj* ^jj* ytf»oJi y^ 

Jjty \p dUj cJlT . Jji jluU if)>)\ jkiUJ J*j?uM oUUJl ^ j*jj of l^j: 
.4— JjjsS^J y»j^ J UJL~*f j& ?lkj>Mj ^* j£\ oU^Uj Of U ^^Ji* l$i OH gjJl 

.OUjJt j^ JLSju dUi JLju 

01 — T .^^—-ijor j— J J J— j OjaL" olj^ JJ j^ OjiU uifej t4*rj£ c^5p 

4jf ^j cOjiU ^^1T Jj 4^jll ^j!S*jCd !?(4jL»j-Jj&U) iLfo isr^» oLd jf l^Up 

.jc^xll oU^j j>p iJb>udi i^b-f fcrtj* <->jS^ jiS"? ^^* 

-ol ajJUll J £ Jj— b ja 4ijb if ^ J-*ju Jf j J US' >1....olj^f cjj^ 

j_» VJb .^...SiiaJ* obrjll tijpljJl obr-jll tft ljAt j^ o^aJt ^l^f t *fcL*ty 
^^—a 1 * :as rfljJb JL^-f ^SoL> 1 iJbr ^U*f J1J-* ^ jSTjj Of OjiU j^fl JJUb JT 

.lij_^j J ^ dLJl j^ JJLfijj t 43iyi dllf>.M-7 oUjAaU Of OjiU <^ijsr OlT 

^j-J ^^—a Ua^- > V*j-» v-f OUjIaII 0^ c(45lIaJt j^ UT jf 3ji) Ij^tjSf h „;L 

^f 5jj_^ 0j^-» Ja ti^i AaIoS ^j\ .djjJb dLJl (Jjjj jf) JJLij ^JJl jA t'i/jtJU 

:i»jWl ^ J^fl^Urf l^jg^ t4jJaA!l jlys-jl ^ loTtw C-*Jj cuiyC V cjf ?iUT 

!(l.jWH) ^ dUb cOVi JLju (dLi) ^ .V ? f 5jj^ cJlT ^ jf ^ 
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U ft Jiij U»Ui aJMa aJ\jj£1\ OljUSl jlj c^/^u j£jtj ik-^ 5iy-» LjUjIjw 

iL-^T Jia utf -c/tfUtf*J sui Jj( J*>U l^ j& ^i ou^Ui 4^ la?- dUu 

ibbw Jail US* .Jojufcll jS <^Jj> jP ^kJl ^^aiu U fjej** J*^ l$*ii 0* <j^l frill 
^^-Jl OUjJUll 4-^j OU^Uil JyJ- jijsll Ob^jsJl c^^» OH *M*Jl JuaJ 4^0j 

.«krjU J?j*» ^ ^^-^ u c^fc^f ^lij cl$l3* j& 

J^L_^ JdJLy «.U JJU US J*jjl *lf*>j WljJ OUjbJLl j* OjjU ^JUsTl J*r 

.U^A jUai JUJbr iSjj~*X' j»jj£ 6000 ^UUa ,311^ jpui** <("*} 

w 
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Jumpin' Genes 

j»1950djL££VliJL* 







.tfa* ^p air 

j^-Jp j->^ 0L_&> j* y*~j>j pbzj> j£^j (%«d) jitfsJ Jj iJaii jiUsJl (4^.) 

djdl&dt 5jL*1jll OtfjjU flJLft 45rjJ iLld IJx^A £j\jjjfi Of OJUrj US* <>?j*oj*jj>l\ 

.JiaJfc-1 tf&i J 5jjl£l Ottjjll JJUJ «Jl&! j? JJiJtJ JtJbj l^Tuf juasI 

«i5j~J&» IjUjU Jb'ljJ* J*d» ^1983 fU- Jjjj 5jj> hi- c*Lpj ,jp\yH\ A^ilS^j 
. «*lJLa UiUjj AjIjjJi ^Ap J ^1 ^Li^Tl ^Jarf ja J&~Sj» <ut 

Barbara ^>^J& ijU»jb c— *i* tiLJijjIi ^J* J Ph.D— I» S^if^ 
fr\_^o vi^ Jejjjd ^i jJt j<a*H\ <J\J>\ jhx ui=djp ^ 'djfi u* J McClintock 



.^jali -fl953 plP dLjTj O^-Jdj JJ ja DNA — Ji s-f y did y* y-Th u>UsTVi * 
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ja J3f djjij *ifjb float i*> £±j ii^Ju tcJLJi *Lu? IjJl* l\y\ IjUjU cjiS* 

£!j_JU j^j— «J» Jjk J* AjjJJ~\j J-Pb^sl! l#Jbj l^rj uU 03 OtS* ,%j 90 

t£— JjJ $jij*r JijA jLr' a]j*w aJU ^^ J* 5jLp IjLa £jjw> oJjT tU** JlT 
.4_JbUdl A-it^-Jl ULlpfj AJryOsil aJU^JI litiSoj l$i pjJl ^J?* 5 r^ >^» 
dl—Alj 4— jjjjdl ^La £*j£ ju ^JLw 0103 uwai 4?-L*C dji Ji*- J U0**£ A-^tw 
jo ■>? t£j-> ?1 jJ^" V- ^Oj djjjl u;^ IjUjU OPjj t£SjJ djijpr Jgjai l^^A\ 

.AjLju A*3^» <JjL& 

oUlJ oUj^» (j-jOJj- ^"j £jji ^j b^jW fl* L r ,iU J* f 1950 ft* £)\T 
1 — ijT j^ jsTf APjt^a Ifr^ji-j ytAJ cJlS* U 3ilp .j^lj JJH j# Jisj ^Jbj djJUi 

tci^ 3 ^ 15—** •* S *^ 1 J>Ad ^ JUatf CJlT V^jaUT IjUjb 14 C~43 JjJl Ma^ 1 

Uj.,ff < \& n~s»* JjJ* CAJtJt i£jj>J ^j> lc*J 5jOJ' J^" J ^J *^** lT^ *^^ 
de&S i)\ j& ^1 ^y^J £>\jSJ~\j SjUaJl U^l JjjaS cluJl dW OUUt j* 

^jy- jtf^li l^Li^u Ltjj tlgfl;,A-i tUOj 5JL-* JT jl^ cJl^d cui^-i J uf Mj^j 

1 — <iJj* Ujcatf OlT .5Jb- ^ l^w 5JLi-» JS' oUj^^jjT ^ 4jj^» JS* ^Sjj ^5ji 

,-W r . ti ^ <j*>toS*fj tAJU^l Ajjj»*ii JUk^i <j&* tJb-tj t£j3 *->£** j^Lj> ja 

.IjUjU iLjUl dsJjl OlPU dUy»..j J-ojJI lift t)lT .lM^ jjjOsJ VjJl 

C— jliJl fL-ftll CJl_iU ^gi^Jl JJi^Jl tft* ^J (^> b^J^ ^^ 'tO* 1 J 

j->T 0_»u l_alP AJL?U-I OljftAsJtj i?li*ilj AJjiJl OiykJl 4§0> \j\jj\j £j£\ 
t^ .o^t OisPl US* -OUj^^j^&I ilJLwl ^ 4aU Cm Mil Otfjjit c)L CA^-iTtj 
^JrjJ LjitSj oLJjjl* jiBA* C*0j .!A*3 dj«J <^>^^^ jf tATy-t lilSl»U j£lj 
4_JljjJl ol^-jil dOA cJl^ .I4LP OUjj l4Ui 0l^» I^Ja ^^Ui <^>^^' ^Ujjll 
j? j— *j y-Tj c)lSl» ju jdloJU U» c-PUail ^Jl t^y-^^ oUjjl! J**j 4S"yi jtic^J 
.oUj^» j* 0*0Jrt Ul^» jjbi U -JUaA» <Jl*J jf - JlAA] 
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- j^J^M **-J ^ Ijjkf £j*Jl Ol>Uw ^tTfj JjiJl JjaSt (iUiS^j cAjIjjJI jP jjJLw 
.1 &>u\sj jZ 3 JL?- U^af j* dj^ J IjUjU CJlT c^1950 f^ iUfl*- ^»J^ 4j^ 

iLJydi cjiT .^IjjJi C^ciJ a^jJi Sj^JU ^1951 ft* l$s* djaJSl. c^^S 

1 jJliJ) *t_tff ^b <^jy^ l&J UiJ tjM^ l£j~*> (*£* j&& \ lj0*<-*> ^^ ^-^ 

d\ djSj &L~j cJb-j l^jlftfl ^ ^j^ 1 J ^sA t^ 1 ^^ < J 1 ^ ^ JL^ (I 

.<&£> C™j ^**iS 

J J j o ijl—jjU oJLj tdOj»JUr 4jjJbr $j& JT *-* £>Jbi 01 SiUlt cjyr US' 

IjjJ A£ |I ptfi UjUl* aid .d^L^Uij y^\ ja jJif J* JU3 ui^ 5j4 jj-fc^l 

1J— jj djJLJJ l^JLS^- ^^d J*l^*J jrfjJl Jutf Ufrljj ^ ^»j IjUjU CoIp 

J Jjj) djjbr tcuj 51^1 Jjf .iJjsJ^A tj^jL} C+?i~0y t^-iujla JpLa^ ^~"~> 

c^Jb-J C^j=3l cfl992 ft* lilij ^ .^jUw» Jji eJal! jt A^JLdiJl V 

dj SJl J 4_j^ jJjj 2L*a*j-*» Japi j£ Jju <1M J&£ lit Lfcju Obxi^ 



j_» *i L^jt til U*- (JUj dJb; .0jy-^» <ls j&b u ^i V db^ t j?- J^ dbf J^ ujup» 
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Fusion 



F ! : ■£■.<■.■!-..; 



JMflj tJ tk^h jyb *u»UUS¥* tiL* U 




fi * (t— ejc£ j— $k) «J-*a^' ^jft^'j .^Jfcli dJ ^ J^- W^j ci^»j f cjij-ijJt 

^ J«tfj| tflkJl jfiii jTULa JU^ tf ^L.«t <Uli c 4JUp UJb» J) ciUsT^t \JLa Jjj* 



A— J*)l ja UJi «£ cJM*- <.jZs> a-^UJI t^aJl j!)U .4^L*1 Jtjs»-l iJUp ik^^ 

OUT Jjj* 4JI&1 iJ^ib *UJW) ( 2 ^ 4 = Ik) dj^-iJl jAfclaT abu* c^r 1 
if-Ziyty sr - &i)» ci^j tf 1919 flp J .tflWi j* 3JUU ol*f Jl Sail! ^ UJS 
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y - wj d\ lib j* ^li A^b^iij &kj£\ ^lL*)i Henry Russell J-*> c£>a 

(f 1920) Ja— & Jb-lj flP ^>- jiafi ^ .^UJU^t ^b cJ^ gjlt cAJLaJi o>U J}U 
J*^ ± j_^» dJ lij t^^A-iJl JaP AAiji? J^p- dj^^Jl Aj^laJl dJLfc A*w> OUI *&l 

.Francis Aston *l>js~-T ltJ ^^\J^ a-&UJi ouiii 

-a^uji J^bLJb-Hans Bethe **a~* ^bb ydty ^\j-a1i U^»j cf 1939 pi* 

ibjJL— *> ^rji JjJU jy? JbrjjJ j**~*i £>f <«*£ ut^-jj^ &\j* ^\j a^j o*itebco 
c^j-J J OUjJjjJl ^LasJ d-£ jcJU^ Jtf Jl JaiLiaij (Culi^i fc^a OjJU 180) 
(1)1 1 ilS^a^j AdjjJW djd j! d^U j* iJlift j& ^1 .p jJLAl Olji J J £*JLJj l£*"J>^ 

.Jjl^ J-*p U&b ja£ 

a— *obi L^j^Jt frUj-i jja* Dr. Lyman Spitzer jj~-» OUJ jjsTjdt ^i 
j_pUj *!j_ ^*i S^jJl Aij^yi OL iJyl U JlPj-aj 4^1948 f\P S^jyty bjp-MXji 
A—£j&\ A-Jtj) Ojjf Atb-b jj~-» fUi .AfikJl ^\P ,--J*tyU Jb£ JU*u*ib ^Jb r b»Jbt 

^-Jp J <uw i(? **J?bU Jb£ dJiJL?-^ ^^L* cik {j*r jj-tit jlP t£j£ (AJill djjOi^ll 

.obrjjdl ^^U Ig-'^xJ ^ fj& jjJJl 5j^-f cJlT Uuj Cjfrjj^ olji Lr ^- 

Ji ft\ j£ OliUl c3^T <_ib jjs~j plS Ujlp .aKj^ dllUA cJlf t^y-f «y 

Of L-a> <^U_?- t^jUM A^k^t ilOa.1 ^Ip J**l\ j4 j? t^jJ^i ia--j j!>U j^ 



mass ^i *-3Lkii ji^- ^i ^^ ^ujjj ^JUT :< f 1945-1877) Oj^f ^^-J'y * 
jp^V ^Ui^j jjUadJ <i3r uJi o^ijsJij Aj-^Ji SjjiJi Js&t ^li j ^jbta^lt spectrograph 
.^rjXs - f 1922 flP tL*-^» J Jj> «>V Ju .iJjjVi o^UJl JUjAj yjl-^1 JJ^dJ 
fl967 flP frbjaiJl J Jj> SjJbr ^ jb- ^^f - ^dt yibjj :( ? 2005-1906) 4ij ^JU ** 
JjUiJl Jjf jjjkf ^ J-*p .stellar nucleosynthesis t,^*^* t^j>Jl JiliJl J &jaj jp 
oUb *>b»l f jj-ill Ji p*&\ aj\ -^pj - A-ijrjjJLAl iLuJl ^jjk» J Ijjb Ijji ^aJ US' tijiil 
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Olji CJ*3*L_»tj c^jliM Js> ^jjslb LlJ *->jJ^I (jO 9 ) ^^ jia~J» J* <£$ 

^U-U — \\ ^k~ Si ja oyJb djji JS* j* \s,y? ^jjai Aj\i <.iSj&\ Ojj^I lift J 1 ^ 

jft*t—a L-s-jb*- o*t~- -J Of Jji ^ JUbj c«/rj^* ^k-Jl oy Ujsrj 8 J^-UJ 

ctJ — ft Jj^l jfrjjXJ>\ \*pj ^UUl jSy> J* J*jdl jj~*> ^f tfl951 fl* J 

<d£ — * Ji 5ji — ah « s? **Ji ^WiW J*UL« j( jjjij^LuJi» stellarator oUrMj 
38888871) cjU^3 OjJU 70 krj*u i}y^ ^j 4*t>U 3*»p ^ uMS\Uj*# 

^crjj-Lil Uj^ j* <j*>J^ *~* j^ -^ <■ JW^ <^y* Jij*J *J^ .(4jjJL-» A^rji 

j# if fi 

* ** # * 

dJL-A j 6 * ftVl .^i^S ~^*^T U^- jjs«-» *^UJ jia?" cdJL^-tj 4A»tj Ala^JJ 

:! gJ L-j: iSjjiT ajlji rUOi^ t JjOj ^ilfc jX^aT :2-aj>la ^12^ 

jLJwf jjjSuj <^~Jl ^AP c^/tj^jJl ijijji j^ tfJdl Jjjb ^lP jdlj? (^ y 
J_pUj *^jJL-?- J) *sH ^IJbut ci^JjJl OljUll OUUJi jf 4 ti ^»b- • 

.oUUii j* <ytl*iU V-^ J 55 J^^^j 
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Origins of Life 

p 1952 LiLltfVl 4J^ 






IjL-a JU Jjty 5^*1) 8LJ-1 Cjj£ ci/ :*j*jil J jttftl jjapf 0^1 JlST liUaJ 

!y-T c-TjT j* cif Uj La 5LJ-13 .4s*>JH AJaiJl SjUJb OJbrj <±5jU J 
JLj S-JU12S1 ^b 2L** jjf ^|1 A-JbJl Jj^IaJt CJIT 44iu 2IU j* ^£1 tfJU J* 

SOPli c.lr* <J]j - ijai ij# CJlT UiJ .4-Jj^l jl*JU ^LJM ^*W^ ^J^1 J 
j^lbj 4djc£ j 5^£jj Ollxj^l ^jj? J^j* **s*^ ^* ^^ *^ <jP*" — **~^J ^tr? Jt ^ 
Jjl IJLj* JI_T 02) .^Us#* *LJ-\ IJLa j* Oj&Jl *Aa3 lf£*f 4~j»ty J0\*H\ £>L 
J_J ^jSl j^-Jp 5L-J-1 JU OL'liJt 4^aJl ^*U ^^Jp ciUsTl Jjfj l£jss* JU^ 
fj lull J^J* J ^/t-»f jP^- C^tj-^U tOlk^l J 4jj^ajJt jjJl OtT^lt j* Ojjki 

j—** J?Ji\ 0\ Ij^juhJ &1-* iS^k \jU*s~*\ o5 frUJUIi aiT tf 1950 flp JjU 

i-jtji^Jl U'^bU] jp- Olj^^dJ O^L^^o ^Ji( OjcJ i t Jb- 4jf ^ .4u*» OjjL 4,6 

JjsL j* jST^ frUaiJl J jjOJ cifc ^j^ Of ^ lJu* .iu* Oj-b 3,5 y>* SjJuaJt 
^tf_^f t^" (^ 5 ^ '^ ^* -^ ^ JJ> '*«* S^ ^ S-^jS' iuft ^Ip 4u- 
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lj\ 03 SlJ-i d\ Js> i\JjA\ tf aJLp^i cMs\ ?SLM otjb t 0i} cUsT 

Harold Vjj* ^jj u ss* 1 *^ 1 r 4 ^ <f j-a^ 0^1 & oL^ujty y-ijf J^ 
AiJi <Op ooj u ijiU^J Oj&ij dlidh frUp j* j^y Jj jptfLi Wbr j* Urey 
-0j£h J\jt «uLL> i>& jejti Jj^ 1 ^ ti d\ ^ j* cW -u*J^ V^J& 5 /^ 
0^jL-i3lj t ^w_T J SU *jr-*H\ %1 V— » £* c^jJU%9 l&tjjLs* %90 

uitAalJ J-<*£l fi*£j J) Ms^ j-<*t*Jl <^ Wj*' gjJt Vjb^ll j>P (Jjji iO*- 

sjjb }} «f 1952 fip ^ .Stanley Miller jL* <^U» <j! duoJ-i ai:> 4*jdi 

^jjut jJLa ^13 .ULtg&l CjUTj^U tjjjt JaJ> jj» jcttf ^ $L*dJ J^ ^ ^ t£j&J 
AS>y>£ 4-^Jtut U jJ cSjjjsAII i-)\fiH\j Jjtj^J Vr^rjJ^ V**^ 1 J* *kj* Ol£~5> 

J- pjsJl ^ jjUIj 4_»j^*li ^jS^J JjljOJl U f jJfj o^c* J SOaP^I j* 0Oa? 

Olji_P &y& i£j*H\ Jj<jJJ^J cpAdJ frliU lj-&\ oljS'ty o^S Si* .dOA M^jh 

.<#rj>LA» ^js*j Wj*^j ^^^ -Jeyti £^ s ^?i*" , ui% ^ jl j^ <Jjj> ^^ 

J— Uil «dj^-» Jj OPUflJb till jbtJ j-*-u *i^ frJa-i f-lH OjT ^^Uu ^ fl3 
5_ftWl Oljl-A!l jj» ciaJb^l t i3U .4jiju?x11 *-»»j^^»J Vr^^ S-rf^^^ J* jM^ 
.«i£jir\ ci*)UJb> 5jUw Oji*a c^j^tf OjT J t^J^Jl ja OUIji J^j t^y-^^ 

$-1— Jj6\ i0_?- .dJLft AJU-SO^ 4s)iU» i}yb*i A3UaU tjO^w ^Urfi <uf jLa Hj*\ 
jiijj-j^JJ Jj 4_-*jtia^ iajji ttJji-1 43*^ J UpUlwl l3^» ^^ 01 ^La jj3 .Lj^i? 



Ot^jjO— ii) fjij^oU 43U*TU ^^ii ^yii ^Vafj ^->* :(f 1981-1893) ^jji oJjjU * 
.(^->1 -f»1934 f\P tL*-53l J Jj> 5ji> aOp JUd cfl932 f I* (Ja&I» 
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ja rj$i ^r^r} v^ dULa JlT -«^^ *-^*Jt» eft*- J^ l£j> oUaw> j-5»j 
Aft^cU OjS* J Jp&j JUO^r j* till jl£ <J^& ciJlift .^JjcD ci^ IjU flj5^-l oJlfc 

Sj— £ ^ <utfai J bj*j&\ <y> %15 cJb ^r^ .<ulkJ j^^^dl S-^jS* J CjjL**\ 
I „—jJ\ oL-J^&i) 4_Ai^ iL^f U>tH j£j> 03 %2j ihy&> cslfjA J] O^i 

!iai3 J^lj £ ^j( cJj^4P Jj hj^2*l\ $L*JJ 4^U»ty O0j&1 -^»^i 

jj\ h-7 If-Sy CJI& .ijj^l DNA-Jt Ai»j5r s~Sy ci^Ti tf 1953 fl* J 

j* JjM J_/>L* ^b^ <Ll^i ^tf^l obj* ^*tf •i\*sr\ jifty Ai»>Jl £• ^ 

frj_» *&£ J^ ^l, ^^ i^Li^Ti ^ 5^iU UPb y-T *>Lb dUi CJ\T .5bM 

,—Jfc l$_w Ju-Jli .4^1 1 j^U^I ^ l*ji 20 dUUfc tSLii^Ia ^La* 

jj-^e *sl ^^ — Ji «essential amino acids a^l-^i l^i jp\**i\» w 
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DNA ^j^l uWl 






iJL^fc 1_p .3L- J-1 OttftOl ^ J-*Pj *LJ l^jJl SyLiJl jcaw ^JJl cDNA-Jl 

.<jj?-\ aaJL^ LaJI^- oUlPj 5^k^ Cj\h*i OI^-^Ap ciLisTlj 

^ 5-m.Ij^ apL^p DNA— !i ii> jj u-sTjw uJUsli dJL»jT oliUsTi colpf oiJ 
ij^jr^j ^^i' ^ J-Si- 1>Ubr Ulf I C*kpfj tJ-SijA-l *L^t Jfc- OJlJjti t 4>»jjJl 

(►41— Jf jIujj ^ cjtUj c^-^i jU^JJ ^U»-l ijj Cm.^>1 UtTj 4dyJt oju 

cAfl-« ll jA 1^3 .JpLtJb jMiJuLa s^ijH L^Ua*! i*»jJU J u^Ujf 43 ^P litT jf tS^Lsll 



£tj_ity j— p £*t tjij-ijJ* OjSJl JJijt j tij c-?Ji JUp» j-> £> mobile iiycdl cj>*2i * 
1^-JjSj Uju*» 4jO-UaJ» CjnJl JUpf jd* U~j t4S*j^» JjJ? jP olj<U j\ Oju* Jjte AjL iSj^-ty 
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jfel_dl jjf *j -} — inmiXj^ &\^j jj*\*~j* <.<jjJaL\ Jjj j^» ot^UflS tlJJUw tljLL^ 
«jw CJI& JU?ldij 43yJl 4~£jf Ul .ikjlil 2LJI&I UJUPU Ajjjla^f djliw J <UlS*j 

.iijJLa <t/ v >«> Aijjk JJ-AJ *^^yjp T}y I' J t* y U*ll ^j^xJlj jij^s!' 
Jjl&i U^ 2Au J ytell jjlkJb ijsrjli ^-^li ..ol&lj t ^1953 fl* ..JUjJl 
Francis Crick dL-jjS* ^^^^Ji^i ^ JT *r>ia ^j^ ^^ f j^ u+* f u 

James Watson o^h\j j-^^j 

LJL.U-1 c. ilf yi-i 8ijS at ij^^.1 03 jjJU/jiUi JiT t 1950 fU- J>U 
i**Uah DNA— Si fcij* fUwi M-T J i ySj jidJi ^Uf olS* .y^jjit oUjWJ 

J & JlJUj tOjJLsr jjlS* t3»Ubr y> Jl OU^Ull aJU* j^T of g.Jaa»,J £~£ UIJJ 

c^JLJl JXjJi fijJ [fi jl U Jb-l ^ JlS* t Jlj~Jt iJLa ^ ib^ J*( j^ .OjO^ 

aLa— aJLI as-jIj^ U^w JT ^Jl ^ J tDNA-Ji ^ijJr ^ijfi *LJ UPij$£ j3UaJl 

4 y- » U- i» £jJ Olo^bdt jja 5 J&*-^ ji^^J ^tii» ^^j t^l951 fl* JjJ^t 

Erwin **tJlPjUj jij^j ci^Ti oii a( luli j^ oiju^ jL>L* J DNA — J» Jj*- 
^jL_,i ^ Jjt Alexander Calder jAZ jJL-i^f ^-^ , ^^-Jl >^_ .^^' i^UaJl Jl5LiSU 

la — > (^J — !lj tl3T jlllll j^P ii^>*lil ^1 f-yj lij^P ijKJl oJuh JauJyj -V*^*" ^>>^« ^li ^l^pl 

.^jdil -4jyuil ^aJl JlSLitj ii^L-S/i lijbw^ ^1934 fU -uc^ J ^OJIT 
s — ^>Jl 5>i 5j> j ^L- ty^yf -c^jL-i ^l^-Tjili :( f 2002 -1905) lJUjLu ^j^j ** 
L^l^ 1 5 v^ L* 5 ' 'Lip U>" uv*^ j-y -a* o\f toJ^i ^.^ .DNA -JJ ^yp q>}P~ ] 

il *U IJbJLi J>J*J ^J^l 4-*i-iiAi V^Sj jl» '.a}j» <UP j^iil .«^?ljil iil^y lj^ij> IjJ^ 450j 
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lDNA It jlpIjS J hJ^jJS'jJ) c/>ULJi ^ Sxjl* a~j dilA ji Chargaff 

<£jPr$ 4 Oswald Avery **Vj^ j ^JjJ ut -^ **rj*j* a *** ^j 5 c*jA u 
4_Jbr ^j .JJ^i J aJ^J 1 ' ^jWJ J-^ ^ »j4^ UjaaSyi DNA J* oj^ 
<y*u-J ^jj-J^- tfH JiLij jl& a^ip 5^ Linus Pauling "**£Jj4 ,j*»>J <i* 

c4 ii.Ua jtJli^ tA^La C>ljj^ 4silLJl ^ SjjJLp Uk5 J^Uju*%a .5JL^-1j AJLj A-s^jJ 

tOj.n b\jj dJLtjT o*i!jt£ jp 3JUaa^ t^y-? o*ijl^ £^y»tf* 4**^r oj^Ji 
tSjj-JLJi jjj,^ -rh a~# au<a^ Rosalind Franklin <j>&\J ^Ojj ^ ^** 

flP <y (jjIj) ^lill djitf Jufix* J .DNA-Jl Ai*ji" ^ty JJUS jj-^ jl*- <£-Jl 

c^fcLi 4 lfJU«_-»i ^-Jt W^ 1 *^^ 1 c>ijy»if (*~wtf jlJIjjj colpf 4^1953 
$\ JC <Jj*- *~a J* Cfi\ 4ijyl,\ ljjjai\ Cj\jj>&\ oJLa jP a*Ui A-^Jt j^ty 

.DNA— It fci> Uj>b- *A£i c^ydi 

dJ—i^T jujo 4tjUSoiji 3jj£ 5aj>Uri oUjLdi jp ajj~Ji oIp*AJi aj*^ t*^ 
.DNA \\ ^Sj aJL^ JJ- JlJi a*J1? ^ Jj^Ijj dl^T j^ ^ aSj^i 



uru^j-Jj-* jj&Ui JJijf ^ juv tJdJH ^^T ^^.f /u :(f 1955-1877) ^f ^'jj/ *** 
-^ — Lu flj J — *> «j;L_?r J?»^i (jtf^-i ji^* -oL c^?j .4-*Uil *.L«-iJi ^Ip iljj j* iJtfljj 

j-j^t j— * la^ij jc* t^j*t j^JL- i^iUj vJlTj {& :( ? 1994-1901) ^jb ^^J **** 
.(l^jj— r v/jU JU;) Ct*^ u&lk- J Jj^i 3j*V Jb {#3\ ^Uj tfrL*-S3l j^jU J IjJU tUJUJl 
4—JU^Ji j—^^j^t 4-ju> j 4i*i n ^Jyj ^ fl954 fip frU-^Jt J aJ Jj> 3j;Ur Jjt Ju 
^1963 fL- * f}L*_Jl J c ii& AJ\il\ uf t M 3^«li Aijli t^-fy jv^y J ^LiiTj liiiJajj 
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4-^la ^^-Jp t^j-Jl <Jj^_all £J^' iJJj^* J^J' gy»^*i-^» tDNA-Jl <bj£- 

t ***** t ywy ^U- jcijiL» tl^S-JjJ jtfLJL* 

jU^Jf^ DNA— ll j* Ja^A Jf C*ji jl laL^fa £iLa*> <jf^) 

9 OjLJb L-^ ^Lp J**a*%5**> dli\d c<j4aj Uj-aU cJa^jj d U - »» T 

!UUJj UIa3 5^ 13 j*$\ J) Jl*ftU ^ U jAj .DNA-Jt j* ^ ^^ 



>f t— <^j 4(»1962 flP 4*l~iJt jf ^Jdt J J^ji Sjibr J^ O^J?lj j db^T jb- ***** 

\ Olfej - oUpUi— c o^tw f 1958 f u- jSL* j*pu uii^J fjto jJ-» iJu j* jl&\J 
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Seafloor Spreading 

fl957LiL££VI. 




J& jefis juL^ jj> cjj£\ JJai .£yvj jPj*i\ otjtf OU J^i ijJU j*i 

jlj <X*A*£-J\ Olji flJl iij_ £ ^LJl^lob JL^-f JJUflj ^ iJaJai *uj 60 JJ j&j td> 

.Obkty OUjJjj Ojj 4ju*»L5» Oljld i3^ d~£ j^Jl j* 3jS 4ji ij^-j ljiu^u*j 

j* (JUiTVl IJLa J*£ 1 .Ja^l P \B jUsjI Aj^laj iJ.foCl Va«Aju ^^ ^jlA $.1^- 
2_Jy^ll OijliJl 5^ j* Jj«r $W* j&j ciiifl Jj.l,/rlb \jJ^ \y>\ OljliJl iTy- 
.j Jti iL_*Jl 14 t\*- <3L-Jt 1JL» J Ob^laj j* l$A~*t U oU)[ L-»LjI UU&^jj iuJb* 

Js i» j 4 ,ah.y> J aa^I Olkj^JiJ 5y\i-1 43*>UaJ! ^LjLJ) Objll l^ <^Ip Udlj 

Juiijli ^^Ujl* a^f Harry Hess <j~* <£>u Sj^Ji jaii <JKj 4^1957 f i* ^^^ 

j-~fi Jjd UlP ^>>jLl >^ 4*31 j J&Jb ^Lp j* Sjl^ jii~\ Ojjf jtlA* jjU» ^Aj 

o^U 50 j* ij*p J5? ^ ia-ii £fl of y-^i >- j^^^ j«fef j^J .SibuJij y^u 
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Ja-ii J a.uJi U. S. S Cape Johnson dy^yr ^S *Jis>H\ ^^ji\ JiJi 

4 »Ijp fr 1 sfl bbbij hj>r Ja-^* *la* jAj ^Ip ^X» ^Ipj ^i\il JaJ:| £ bil Zji\hj 

J*p ^1p frill J Sj^aII hj&\ kxk^ll OUij^ll ^ i»U jP Ujjj U ci^Tl -^/*Jl 

j>-JH» * obui^ii oJLa ^^ <J**>j .Ubj u j <^jL* jjr c# f-^ 6000-3000 

j j . M i . A j^ < Arnold Guyot x** ^jb^ K^ 3 ) jij^ 1 uip*fj «a5jUH icoiH 

^f tC~4* 4l*i OjJU 800 Jl ij*3 tjj*- J-*ty J CJlT j>yA\ 0b ^^Jb j^jsil 

01 * A—&\j&\ if—)* <>\jyr <^a-Hi ^ J *toj* OlTj . Jbr^lt jj^fe cl>.i 3jJ J 

.a1ji-w» £ tfjjl J] oaf ^*Jt g- 15 ^ c— ttj^iJ ij^^df oL*»jJl 

<.jiyi\ J Jotfi 4u*> OjJU 100 Uj^P or^t?vw ^ f 1956 ft* jjiaJl j? UJLP 
joUt JjuL Oyu J^S*^ J**^ ^*JlS* jjjaJ^ 0b 3^1l OJUb JjaJ Ai^ki jp ^^ jIp 

ObU ?- c. £» UJLP Ubt i»jlaJt oJLa jP j^Jb ^^ .4*iJi h%k~j> £~&b ts*"J^ 

.^U-t l$£oP J-^d ,J& ic Oyu o5 jtjj&\ 0j& Of jSUll jfcfr &* Ob 5jytJl iPj-*» 

,^Jfcty ±£\ gtf 0b iaJ:i cJ ja ^ili o^f tf 1957 fbJi Jj dlJi Jbu 
Of ^^^Jb Jp OlT .d^l&Pt j**> b? tlaj? ^la-s^^ v*-"^ 1 *^j-» Obj lj*P OljtfJl jiw* 

.JbJL^- j-a t£j>-\ *>Jai jP <l*^t-j| 

1 JT j^jJb L^jUJ ^bjl OS i-il f \3 0b OU?j«Jl dJlA O^^fef .U^s^a Jdj-^ 

j-^» tff j— ^ Mid-Atlantic ridge ^-ifcty J^-j ^j^jl^ ^yJ* &> »JUu i5^ 

ci^—^l jP (JLju ^y 1 -^* ji5 LuJl f-ia^ iyu t <3*>Up JiU ^j?- j^jiP AjtTj ^y^ij 
^\ — i»j j^ (S^f^dl jj^^aJi) Sjl^-^Jl ^j*u^ SOjOi-l ^ijaj ^^Jb j^ .Ja-s^t Ja*rfj 
oi ft Oiji UJLP .Jag* I ^li j^P LJbr j-i^Jj A-kjil OlPX^Jl J*>U UlP ^j^i 
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I — *j\*- jJ^uj aJo-£i Sj-tiJl jl j-^a jii .5JbJbr Ah,< 5j-ii cJ&-5> \iU cdjl^a]\ 
.iu-. JT ^ fc l jl JtjJ jlJLii? iaJil Ja--J=i c£^l ^j^ 1 *i^ J^ 

Oj— fill ^» OLjuJt JjIjIj OL-i-Ji y-ljf lio^i g>Jl 4jrjJjJrl OliJaJl OtS^ 

4— i J— IjfJ <JJ-J\ Cijlt J fria^ ^ilit JaJit ^aJUsji t^Liu^b JpUi^ ^ ~^ 

\ Zjjfi^i h~*J\j JU-i j* US' -j^ioj^iU ULylj a^jJH V^ij-af cJ^i 

150 *Ui -dUJT y-ty ^*Jl jA US' ij&j jJLuj t|F -Jt^» Jlj ^ .Ujj?j iJU-iJl 
!\Jb- ^--ikty Ja-^1 u^J** cij^Jl y^-Jt ^ ^J^**» tl!-» ^j4* 
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The Nature of the Atmosphere 




ywa-Jl LftLsll O^jtJcJl ^ <£Jjj d~* (^UaJl b* -Uj <j>Jl JJUbtf 1 OUlJl) A^jJ-lj 
013 JjSo (Jji L$-*-b£ iAIjJ «Jj5 UJLP C y-T ju*y .flfcJl J ^jjT OljJtf Jj byfclfe 
4— Jl^aJ *Jby *JL«J £**^H 0' £* ^JJiJa* <3 J^ Jft*** - ^^ rj^J* ^ *** r^^J' 

j* J*f ^i t^yJ* j&j «^ U*jfe <^>* ^j j& ci^ j^jjJ <J-^& (I 
I— j^3 j& ^uJij i»jJ-ij ^JuiaJl ^kJl ja OjOjJI £>t tfifl *UJU)l ^*& .kSjsit 

. JJL^IJ a^JLUsli JlSL^u LlS ^jds bjto Js> ib-.'ilb J^Jty j*Ji JU- 

0*a ifi-& U f 1958 f\p J W>)ij d^Jrl ^ Ls. i)\T jjg+£U j^r ^^t 

t frjy&ii J..T.I .njJhLtfU JL^ta 5 j^J s-Uapf j* Jb*uU frly-Jj oJbr j^-^« OjSo 

J-** ^Jj *j£ Ed Lorenz jujjJ ai c~^* cil ^jkiJ ^***\* V 1 * J* ^^j 

Oljs— tf J) Ctf f U 0lPj-» r ij^U ifelJl (Jj^laJl J 4fl.flb OljJtJ 0? Ja*-^ .c^ji- 1 
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3_il£jl 5_JuJb lJL-jf ^Jj*» j^ ifeLll JjjIaJl Of life ^^kiJ ^oll JjjkJl jfsll 

jjijjl 5jUb jr\$ Of JjI^-j jti* jjjuSJ Aj\ .^x*&> c£j-^j* ^ ^J*J &J* ^Js^ 

.<u-Uf ja *il*j bbw OlS* JUL* OUj> Of Otf j ^-b JjIa» lJuJ*r U£ 5bf J& 

L^?bj £-4* Of J& <ujp Uap JL3 OlT c^ 1934 pi* ^jlijb US' ^J J>i U*lp 
J— ^j f 1938 ft—* oL-^bjJl J Lr tjij^\£j\ 5^lfi *A*b- ^y*si .&jt ij& Ju» 
^LL*_ ll Jl jujjJ ^t tiJliJl Uu)l t-^i ^jui ^ .*u-^'iUScJ ijlijU 4jwUt 

£ ^ tSjtji-t tJaAJaJl t&li&l j* 4ALfJ* *P>*# ^^flkll jcju 0? iiUft JijjJ ^fJUj 
.<£j— A-1 ci^LjOJ cJU_Jlj JjUIj ^jUll <jj£\ Jj 43U>t cWil 4J**iJl ^bjl 
t-~-J Uf tcr ikU iiAljJl ^Jj^laJt iO£ Oljytil j* 4Pj*£t oJlA ci-^ y>Il 0*iiUll 

. cr fikU lji\k±\ ±\i*i\ SJ*d C/^Ull aJLft J jJel\ 

C, -Ahtj I J— f «^*w O^iUll CJlT JLoJ .J&e&\ j& jfrP dUi 01 AJUJi CJtSrlj 

OV 1j Ioj .<J— ^tjjJl 4—Ty: j-^ail JaC.LuJdl o^^Ull jJaJ jujjl Jjb- 

J^T 01—S* .j?lsj\ piij JjjI^j *-*uJ-l jk>L**j oijj-Jl ^Ip ij^cw 0\T <0Up 
^— if Jl Jj ^jJl ja jujjl jSUa ^ <2uttli "^jTj cijJl j^ jftiS^l dlly>» ^ uL* 

r-^) 30 ~di <f? Jl ^-J b -Jj j 5 ^/ ^ ^oj 1 tW c f 1958 f^ J 
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.Aj j~A\ j& *ij 4jJoj <Jj^j* Oil Lr ikJ\i 

.4 — %-hji &i*0j to\y£H <U~*3 ja Jij^J Jpvjj^J C-Jt£l jLa^^l ja £J\j**t *-£j 
*\p C& C>!)UbfcJl fUa^T ) Aj jjsi\ jSjT Ulki OjSo jjrf ja *iJb bj-^ji t)lf ^^SkJ 13 

.^^jfajb ^dU ajJ\ ijo*- ^u)b 

Obi jji Jeff Goldblum f j^> ci*- Jul» ^jJ iSL^i* jiia^ | ^ 
jflJL_J-i» jt Jurassic Parks — ti ^f J Ian Malcolm f j&u 






Otbr c(aJjSJi UUlJ Uii 4-*»ijA J& bUsPi u «^*lk> jioJi j^i *ji£»!) Determinism 

l^u'Ui) JjaJl j^jj <l^i toUl Jj»lj«Jb ijftST jJtsJ i-*^-l JaJl aJU Ob oTjsJ jujjJ OUlji 
■iJjA— »» L-if ^ JtjH 01 j£c «4jj^jaJ|» j* iJb- li£$3 . J-m-dl ^ b^ tfOil SO-nJl 

^j-Jl 4iJjj jP a^t jf^J}\ ^yf- tfU^H J^-l Jj .jl^Jl LJ.^-a Jbu AJliJl jji- i3Uft (J L B i 
4JjL_4» ij— Si 0\T Uujj .SjlLJb c-jy **k« jl»^i JjbsJ 4JUp OIpUj tUjI i^y (i-^b 
dJiL_^- t/'j*^ tfriy* Aijjj* 8jbW jP JiP 4ili t45U^-( j-tf*l cjJUl p ji-l 3tkj c*i lPj~*« 

»ja*— ^ ^Uk ddjj iTjU t 4ij?tj9 ^ij y-^\ j;uJt oi ^i l£>*\}-\ jfi if xm .5 of ^j .*^^ 

f>-Jt -sW J^ Lw» jst-ljj Uibr a^f .a JlT Uy tO^l .j^Ji J-sa» J Jijj ^ ijU iJLajfj 

JiT u j£)j .jiuWi JjUJ Ot> ^jyJl <u ttfit* *Up j 4* jit c^JUi ^ji-i iPiki jTX- if jjJit 
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Quarks 

^1962LiiLi^Vlil 







\j—^fij frUJUJi jj^j UOjw .ia/Ai \$M»\ jf c^jf oUi t3U( frUiiJt li.k-ift 

.M&eV lift Ik* cJ 3^» JS* Jj .SjuU 0l£.^ J yw>ty j^^-JUl tjiAsfi 

ilr ^ (IL-p tOUjyjJlj oUjjjjJi J^b ilAj vi> ^ jit* Jj ,»LJ1 f 1962 fU> 
(Ju^sT^l iJL^b lbs- aaj .^ J^iu O^L* aiiJlj Ua^Il d~^j U> 4bT <i *LT 
<u* £>j£tf ^iJt U : J*)U?^t J^ L^L-( 3JL^t jiff u*4 LI*-] j£ 5jUr $jk* ^JUJb 



lc— ^"j j^ 4-tf5Jl dlfe Jj& 05 !31^t J*yj J*k *=-*j <r*^ 5lJjrf i.- v ».-j SjJt^ j^j* *-£* tUSjfc 



296 



uAJiuTi f 1932 flp Jj .oUjJjjJlj &\jjj&*i\ : jjy-T ^ji ^ji c***~*- fr^ 1 

j— & t»j*£_dt Oj— ill OLW J> .ft-af C->U-j-Jrl OlP^-w* f lj»M j? U*LP 

JLd U lj*Aku«J JJtff t£ji Jj C-»Uj3jjJtj tOUjJj^i Jj OUj^Jj-Jl J?t-^ j* ftUJUJl 

ouJ^i £j~j j? d~*- i«bubble chamber apUaJi dj^-» Donald Glaser 

JaiL&Jl AikijJl 3^>J-1 •■** J>^ ciiS Jbibj *j-&Jl 4Pj_j Ojli? 4Pj~J 4jji OjjJl 
-(jrTJj 1 ,^ &ljj) tijpjjx OU^I OJLft C-**Ua-^1 U»LP .u£^"J>^ j^V Ss-jJUil 
oU-j-Jrl dJLft j* **-*■ JS* i5j3 .dJU^r a^p oU^r j-» **j*# j! js*"^ dl&J 
^o7 j 1 .^UaJi £-^i* J* ****** f J^=i J* J j**flJ* J 4JfcUs>» CAPlii jP 1-y IjSl 

j_& jl ^ i- Cijll *y:£\ Ji js-ij l** JT) APtfiJl 5^**- jafly- Jp djduaJl 

4 jji l)jJ It OUu** ir\ dJ — ft 4JbU Oi-^J Jj*" ^ <j?*" hj^ I -(^^ ^jyw 

J^J .f 1929 fip &>»l j3UU J Murry Gell-Mann OU - J*p t^j* *dj 

J Jlj . i *i j—aj 4*jIj J ln^e> ilopi o^ ^ ijilS aiT ij t j^ 5j^uw %at> ^lT 

.^^4-^j! OliUua J jJ^ 4J\iJl ^^j ^jb jj» ^ jld AjuLJI j^P Jj cdj^P ja AilbJi 

l)L-T t Jl p- h\ Js> .hu>\ir\ *->*& pla*A OljJli £A LjfcJLJl AjjOS C-«^ 4 Aio\iIl j*ju 

jP ^lk&*il ja Sib- Objj j^ ^iPj t 4*»yll J h-\J\ ^UP j^uiaJl *jb JU - J^p 
.*ulP l^»l£l AJj^*t ^j t 4jUjLLa f>-»jj d^jli JuXi U IjiU JlT .AjbS3l 

J — ** f 4>*J Jsi 4 ^ w ^■ , A5*jlji J^- ^Jjf^ Vkje OU - JjP Jji tlJLft fc» 
Jp j-T>J» j J cjijJUJtj AjuI^JI j^ju .(>:^j5 j* ^s$>\> J*^ ^-^) i)j%~itjij 
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lj—93&- iaftj — j- CJ^ff" .APlAflJl oyv" loftj* \J* &jft JjJl *itjA\ OU^Jrl *£ 

j— &j c^^r J5* a^j^j tflU» ca*>\^3i a**jJi c**^-i 'jj^i i' j.uUiJ APtfdh 

L-*>» S-J\li vj^i u ^L* itf tf 1958 fl* J>U XJ&A ** j* J* ci^di Jj^ 

. If ,^it i? /Jl 5*bJLi-l aUJ^I j* ajUJI ojLa uupjj <Jkj*A *ij\J&> 

tf aAS j2p ji UJ oU~Jrl oJu& ije j^a $\L&\ ^Js> ^i <ul JU -J-t il^f 
oJLft JU Jpj&h \*^ iAA^U^oj &■>...■; 3ju,hll i)l j^jsit ^ .foJall ^LA-ity **At<ill 
-£—«,. Jill J tf/*-ty l£j&\j aljll £*3r jlj* J^j - ^j>Jj£ s 0* j*-*^ OU~Jrt 

»»i «aj1j*1i» ji strangeness «UrM Ubo^- UUu oU«-»i UT c^jJjjJt J^Aiii 
j^j— ^' tc^^-f 5^ .|^j-^r J^J j^i &b* j*Jh 4j1^*Ji ^W^» <^^* -j*^ *kj£ j* 

. JpliJ JT J JaA*i 0? JLg ^ Ajlydl Hup &\> 

jrytj ol 5t „?>l^ j^p i>lcty oJUb jj» Aa^aj OJj tjb- Ajt ^ .U^W jf OU^Jri 

Ja fa O^J— 2J ^u>l^ 0*>UUtJ\ a^ J*r aJVS^aL* 0? \aJju OU - J-£ i3j^( .Jaii-I 

J- — ^ (^1p kworks f j*j k-works ifcl* ji^fj cOUjyjJtj oUjjjjJ^ J>b 

James Joyce ^j— ^r cr^^" lP <j* jj-^ ^-^ *'j* ^ 'ba^'j o 1 ^^^ 1 
^i ju - J^ ^p c«^Ji jJr^ j^ jJai 4rty» jt «three quarks» SjLp aJ ^Ti 

.*«i5jtj^i» ji quarks Jj oOjaJri ajU^jt 



down Ji— »Stj up ^-IpS< :^^ t iu- ^ijif ^U djijfli .dj»jfli ^ ju>\ oU^ 
Oj— »jjJt (Jta .bottom ^ki-Jij top L^^JUJtj strange «-jj*J^ charm y-UJij 
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Finnegans OLJuJ JT d^-*» h\jj J «!£5jU ^~1 otS'jijS" 9 



^^J J*-^* £>* & ^Jj? <J* d Jj^ ^H ^ 'J*- - ' ^JJ t$**ty t^ 1 4>* ^J 1 /' 
J j — Ul 4,1 ./>1^ 1 g.lfr ^eijaJ cgluons OU^Ull ^JJ O U^f l ^n.i i5jlj£j( JajljS? .^Ut 

^JLJi anti-quark «U&» iij'j^ J& .$,lijj j\ ^jJa*- jf *iy- UJ -(i^Jl jl ijjl3i k*jJt) 
tt)^-^Jl J i£yty ^ IjAt hj\j£ ^\d\jj (jaJ ^jJ JiUJ ^Ip J?tf£-I £«) jljAi^O liljJt jJcJ 

.f*j& -meson OjjiO (iUall iJijj&i - iiijj^t) *U*li iJla ^o* 

o***-* M^ S iS^ji^ ^jj\ y$1 $\ i+4}>\ oU&l to j* quark iJjljf iUT >** ** 
JT C «>) 4=i(jj di-p- J e*Utf c^iJl ^^iaja-Ul $.bi)|!j hj^ JW-» j*-^ 4*l*b*i-»i j* ^-jjir 

.^jit -(oOJl 5j\^-) ^ iJlity j* UaJLi UW y-^1 Ja*J\ 
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Quasars and Pulsars 
fl967 jl963eiL£u£V1 







£J\ fouil jJUaJj ifc^ia ABliSoj 4*>s^ lijT .SiUlJ Jjb*- JV^i JJU ^^ j* iJUJbj- 

4 i\iS3» 4—BUll 5il_llj dLJill ^Lp J 2L»ijjdJ SJUbr *ijJ> jzitj fy?J\ otf j 

.lySiS Uftill *.,^>U*ll C/illdfclj <-Ol*s)*j 

Allan Rex g*uu ^j u^T ^^ty ^^LBi Ja^ 4? 1960 ^ Jby- J 
^otT,,. a I gj ^jJjlJu f\£S .f jf \ifcf j c»aj I*s*li f^^' <>* ^^ Sandage 

c J J — 5V^ J* jf - JiS^ J fj** j& ft l*j .uy djiJ-^i ^T ^ ^f jp 

quasi-stellar a.fr ^i fL~__*-ty dJLa JU> g&oiU jlfct .^y-Vt f j^J^ ^ j^a 
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quasi- SjL—p j-fi^^ l» OiPj^ ^ u<hj)j\j L*f 4j> jiUa^» j\ radio sources 

•«J , J , J^» quasar Jj stellar 
jl— «J j 1* kj — ki-1) *rij*Il ^\~~*H\ oJLA ls^ 1 jij-^Jl ijk^ gjJJL- ^/ji 

Maarten c — *£ jjji_ * jlJjIi ^u_JjAi ^y^ 1 v^^j ^^ ^ 
i_« lij 3WiAj Liu> j^uT l$J* (Jydi j& 4jLUi JpjL^i jL ij^-f Schmidt 
c. cj ^ <M Jj & <J^ j-w? cpW*i J^-^ &•& Msk JpjkptT c^a?x3 

^ft ^bji Ob-bjii) .<^j^ t$^l J*-> £*J (j^J^ £^J^) (^-^ J** r}ij>^i ^^j! 

o\j_Jr! oL-j ^1963 f\p i)\&i\ j J ?Jbj* U-* <~~^ <3^ cXP* |J ^* S"*~a 

U.nftflT j? y-T *^^- <^b L-iLi l*by jiT^t fU^I ~Vj-> 

to^r l3l^ jlT AiJIjJl fj^cJU *»Ll tj^aJi :l0~«£ r jkf t$j*-f ^^ dUUa cO^I 
Jtif J,1j£ CJl^rl J*lT Jji^ Jji j^3 - £->L$Jl OjJI dU3 J^ J*»\j *j?cJ i~Jb 
.Oj «l AiLib- J OJLju 0^ Oj£j 0? Jb *i j'j^ J^ ^ ^^J 2^^ U^J^' *^T* 

^\ oilit cjiT uL c^^i i^ ^1967 ^ ^ l^yi ij*l cjijijij^i c*A 
c^ji^ij ^i* t^jJ u^-^ j^ 4,5 a^-Uj: OIXjp xjtj Antony Hewish ^j^ 

Islt OJ A c^-ilT .^Uailt bljj ^^ait j^ Ljjiljl CJb^l OtfUJl ^^flflj ^JjS 
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Jj£ jp aJjj^o Jocelyn Bell J-* l^-*j^ WM ouiyJi J *Jitj ^jj* 5opl** 

f L. pA £—5j£ AijjJl ^ iAj-»jli ^rjAslJ Jpjki-I OjlflJ CJI& tAkJ a ^ 43jjJt oijb 

if 

* ft ** 

J j— *T ^jtJ? ^jf ^f jp ciyJ 1 ^ J tdJtij U2$ JT ijas^o oUlj o^y 

.dJlgT a.gJiv^ oljli^I a** 0jS3i 

3J jJbr «UdJl j* aLo^)) ^ J*j dj$> tUp UjdLi^Tb ^j-a r ^i d\ JJ 

.L>- ij^all ^yJl ^ ^j U\i 1,2 Jf jb 

J^-^jJ .*4_JliS3l 43^ 5jtj^ Ujrfi c.fl.M^ JLd J,j OL t|F <J*J* Jd^aJ^ gsiau* ol^J-lj 

0^ <.4^J>J^ ^j5jl* j* U ^»t-^ ^ ^gw < r -Jay U*LP Ail UbJ^ ^o^j kj* (ii Oj-^iiJl 

.Idjiy^Jl ^Oj cJbUp jb^iit tL»jJL?- Jl c^^j;. U cj>!03l y. JU^J 5^U JT 

j_J -ijjjjJ ff- -**«y t>jJL» 4jU Aj^UP^I d^lll 4 yi. A3liT ^sTf ^4i ^Lj U 



tiiLJi ^Pj ^ tA-^j^l Oj&l 4.U,tJ 4^Ul jJ-i ^ J*Jtj Dl JijU ^ OjJU 260 -J j£fi ** 
5jT Of US'^jSl ijil^r Jl# jOi *jA djAj jb Ot jSo: 4-4*Ul f^cJt iji^ J^? 0^ 
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tj^-Jl tJ_> 1 JIT i>U*f J^J^ ^ US' ta-Aj^Ia <jpl£>* M'~*\. 

j— a djudl t^aJt Jjfa-^ .Jfiji\ J* \j\jrf jiTf <up jiUJl ^^ 

UJLiP iu*. OjJb 13 JJ Up UO*-j| ci^jJl ^*Jt t)lS* gjJl AdUdt ^A aJj*? kw OjJb 
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Complete Evolution 

fl967 lJsLL*VI 




^>( U JlP^ .fuLs^l frl* - jJuJl iJtJU 4*3b Sjfl jrutf J Jj^ij tJ^jJi y Js> 

J— * j — iJJ^ *— ij^ J*' Ji***^ C^-fiiJ uL^Skj ja Jji ^j^JjPjU jJ CJlT 

if\ j * j 5 ^ .b^vS\ fiJU* ^j^pIu «-Ua* CJai lilt ^1 0^1 CJ^la lJU&J tjjiaJ* 

L£ju &J&J ij^J^j^* cJL^U-il 'JiJJ^J <■&& 'JsMl^ i <J*Jr^J.jfi' J^ 8 ' Mla^ll 
.flull J llbsel JL&S*j ^Ut? J^pty Ol^jillj CJb^iaJl j^ 

5uaUISVl til* cLv uLiS 

£.->*>* J^ Lynn Margulis ^^P l&J ^j^S <f 1938 fi* Jjij* <>* 

jPlSLi 4**br cJb^j cljaJjit *btf r j-^J^ 3j£iU C~pS .oO^uil <^*U*i^Jb jPl£~5> 

jfrj— sit .«jji«Jt» ^-u aJISIjLo a-8 ^UT J OiT jjkJi j»ipj jejj^ ^ ^ 
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.DNA -JU JJijjH oyLsJi ja £\L> btf u 

^^Ip tJjJ&- U <j*J iJLft JL <j*4j*^ £-^&) t4~$lt Ujw^a j^ ^^fl CJj J Jj*- 
jj— hs di\_i J V^ * *jfc*-^ ^y& ^^i jJL* OU^j ^1 JLf i it .*5tjJl j^jf 

(JL_*jj jf) 0Ul\T -symbiosis <4^ J*>)*A\ t&* J* lt^j 19 °J^J 

j * JL-j*U)l Lf-^ ^j^ .*bLslt Ug.v^L^ft J^? j* Jfi*i £fi dj\to a1\> J OLXju 

CJj^J ii^Vl ujULi . ^Us^l J^Li* <^*> ^'j» cr^ 1 b^ tiff* ^J^ 1 ^J^ 9 ^ 1 
dUiS'j cdJb- J& y& U$-~* UlJ Jb*tj jj\^ JjaM 4*^1* UlP jiaij tJLnfc j^ 

0— ^ (* «£j**" ^^ £ UtoUl ^J* '^J^ ^J ^*^ J^ ^ J*^" ^ cT^ 1 i>* 
£ I j— ity CJlS* .Ojk; U^f c£jJ"1 cri^sl 1 Ol3!AP j* 5j3j ^^jU ^^J 

jlj^a *y\ (j-Jl^ ^~k& jjw^taU SJbJ^r AJjU; L^jU; o\3!Ap jp £j>cJ oJbrijsil 

^ji) UjjsSo cJl^if ULP AjuJaJl ^ U^ tj^faji* ^i J^- c?j-iJ* JjUJlB .J^U 

.VVJ- 1 UUl£U]j ULLlS ^ ^J>J Cul^- oJbJL^ 

0*iL^ j—jjl CjL^TIj ^jVl J* l/^S AJlJ-l ^»jiV» cr^i^J 10 ^~* J> 
tjfy-j iL-^l (1) : J?ji\ &rj J& dJi^ dU*- jjkj o^jT* c^j-^t JtjUdl ja L^L*i( 
OLJ^^ J—* u^ C-J&li .(C-jTjjit-^) 4^L*» U^s^j 5jl^-l t^JU 4JIJb b^sSo 
Jl A—jMjjJI SdUl u?uJ ^1 ijJ-lj Ukdl jTl^l gid (2) C^j^.LJLJ U^Vl 
\X» ^\i .oo^w VV" ^'>5 jijl» ^ ^ -^J^ 3 -^ 1 cM y*" 1 c^ 9 tjwi'Usli uyUri 
J JbljJb ^^-^Tj^l (Jb UOiP) i^-i'jSU 4ijb- UjjoS^ (3) ^^0 JbOJr^ Jjb^il 
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CO 

4_#jj3 Sj^J' oijk^ cJb> ^i AejJ-i 4-ijUsIi ol^-uu^l jj» 5^a* 5JUL* J^- 
Jbjj Ut 4I4 j^l DNA-Jt dUag JjjJtJI b^M £-3r J byjjfjadl Of ci-lT J^- 

jjJUrl CJb^kd «-* *dj^" ^JtuW O^rUJUl J-Jaij ^j^jw ObU jJ^P JS* j^» a~J 
2L»»ja» CJ\j*je~*j> ObljJ-lj jJtJl dLb: .fcjall ja M 4~jU1 IjIJLp alj* £Ufl5 gjJt 
*UDt (twaij £ UsS 4*4*4^1 Ltf ji jtjs*-J ^j^f *J&*"^ CJttflTj SijUsli ^jc£Jl j^» 
tcr J^Pjl a ciU^I Oj*bj -J^jJb jl^/Sl JlP jOiJ j& ji MjJj .AlTli ^JUl 

a*— >>ty 3j— &i di-JU* jl 3L^» Ob ■« ^ Carl Sagan oipu ^y 

jijjb dl&Pl 0» US' t 0jbdlj Jajl^Jb j£)j iiJjUJlj ^jUslb 

.«J*l£lU ^ s ^JaJt obtt^l £lj* dULLi jjkJl 
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Dark Matter 

(•1970 ^Li^Vlii^ 




V &iuL iviiDil] 

Plfiilililllliliyf^ 

:-■•■ • ••••■■ ■••■■• ^ u- : , ■„^„;„- „ -- 



oJLJk aUna^,il JjWl J i&\* 0j& (if U jA*i X> t JlT .^Ij jkdl j* j^b 

.« huo US' .l^Jp ^Usp^I j& 4i^ ^LJT.ufl jf 2JU-t dbT jf £>j$3l ju)b Lr5 i» 

.jU-fcll tia J <U^# 3ju*o9 J ^bj-all d**Jl 

4 ii-M 4 fji»\ 0? 4rjJM^Tl U Jl& tJbJLr jlp- ^^fl^iB <^j^ jjjj I j& ja? 1 

dLJUJl p U) 4jyfcj^ jST^I (^bill - jjjJ jMij3 tk>- C~£> C*Jb Ol^J f js^ 

4^ad! Sidi jjjj CAJtaTl tj*ja> frbjjj OlJUfcUdt j# J^Jt jy*^ ^J^ J -te*j> 

j-«j_» .<uai? s-UUiJ ^£ j^\ £UAJ ^fj s-jJaJU d*> Jji j&j Jbrlji> jjJl 5Mit - 

.4^»w 5^U jp 5jLp d£S\ &£ ja %90 OL f jJl JjJbj-flJlj JjjSCJUJl 

J i— *>ty iy,.i— > urii J..JL Vera Robin ^jj \j& c-Up cf 1970 fip J 
& cKent Ford ^jjfi c^S* ^£U)i 4(% «*£Ji j*ju JiT i^ . Ja^\ji ^^j^ a$ju 
J) JLJ flfil *£* JlT d~£ kjJ-1 j&o*j APj-Jl JlP tJL»Jbr Uf liLk» ojsl £&** 
iJlkiJ aJU-I oJLft J -U ciJaJ ObU 43 jj J^ AiaJwtJl j>*J') 3 /, u Olkla^ j-lP 
4 U J dJ lij (i£SSjii\ ULbti ^tO&al J^ AAis3tf Obi^a SJLjJl f j^Jl j^ foudl 
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4_^o* d\ ijj— 9 jl^y*i j& U i£j& yJr\ ja jA J* \ji cJlT .<dT f jji 

^jf-Js jtjj OjT j ^1970 f\p (</•>•) jiiT ^ j^ jiyUJlj ^LJi UJ J 
OL-T j_J UJ £}Uas-tf ikC CJ\T .tf^ Jj ^jity *j£l t U-*jjJUty J^ (% ^iJi 
.ilUiT JiuLiJl 4^1 U ColJf Uf *Aa3 dp«J jf ^jjJU^I ^ #>i L& 

p>i J j-?\xA\ Jd.« Syr j iS && t)t *-3LkJi j&T t 4jj5 Obj£*Jb aIojj JLp 

.ijjd »3Lk« JJ j* A*j-jjil Olkk>xil 

U_ju j( olf j^l JS^ J* bUsPl cWjaH kk£ jjj J^ ^ JjL-ty jt JU^t 
^L— jji^l j* £^jl ^ £>JL£ .jLj* ^UjjU <£WjsJl ^jj*S(I iJU* ^Jb .JfijH\ jP 

ir I— i^i\ ilti jjT UJIT .yaf ssj j£ \jMji \^j£ cj^p jX-i 5jL*Ji jjy ^jJ 

OL_?-bjJi JU*5~>I l^^»f j) UJ c^y £^ JiJJ COljf .jsTl ii— 4-1 APj^*» CJlT UlT 
.Aj^lflll Oljitl J f j*Jl 4Pj~*» ^J JPjio C^l JbOJr^ «-*W^J 7k J^ 

4,.,-Jb tfb yty j£& c^fli? JakC ^U j>jj cJUS'l t(j^^ ^^ >» J^ 
gjjl iJ\jjJl\ tjFyljiJl c^-^ti il^JlT A&l*- Ijs^ilS ^Jl ^ j^d\ OiPj-rf CJlT .5j# J^J 

L5 Ip 5 5>iUrl j*ju d*-^ iijli a^j-H ilj^J f j*Jl «*Xa J^io CJ\T tAj-Jrt ^j*i 

.j!At^l J^ d>JLrfs (I lift j& .frUaflJl J 4jjU jfck d\ U j^^aii iW»j# J \4~~i 

. JJ ja ^SCl3 ^J^ ^Sju (I aJU?I 5^U c^js^< 05 Oj^J* Of j5 (^JLaJ ^^JUJl (lull j^ 

^^Ip UjU^yl t-ifj *ApA\ i*adl Silll 4^ jtjj C.->.m>- .l^./7fl7 jf Ig^jj j& ^ 
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Oj— &t ja %90 i-j oL cjo^-jJ tjjjj ^ijJ iflw J^ Jaitf. d~4 Oj&i ^UJt 

uL_^ J^-T f 1970 flp j* JL^Jt illi J jjjj ij(A >* > cjb- i>t Jp 
uli.. >■ ^ Ip C^s^iJ^ SJblS j* IjjiS* jl^- US" tUijT Jj^?j v^V <Jj*" *O^J 

.lift Lajj jp- JLjcJ I^J12« J^ jjjJ jf^-l 
3 ojadl 3iUU \&\^>y£ *jj*p JptfsJl LAJt cJjb- i2L^jjl> <jpUi^ .—^ 

jj_^ ^ ROSAT ^UJ» j*$\ j* h>j~&^\ *~-J' **A^ jj* 

Olj_yJl cr-^ 4— J*jj*K 3jj^a_Jl ^_-ft fc*udt cJl& c4-*UaJl jUiSlI j* l£j*\ 

http://heasarc.gsfc.nasa.gov/docs/rosat/gallery/display/da 
rkmatter.html 

.3-ooaIi 5iU3 3jj-^ Jjt oJLft ij& 0? j& 



tju-Jl jUll %3,6 ti*aw «U %23 ci*aw aSO? %73 r^UJlT OjS3t u-iy dUill *U0* jj& * 
.^jsii -Vjll ijU-J» f ij*ty <y ^j*j v*V^ J f J*^ °/°0,4 j 6( #j# 
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The Nature of Dinosaurs 

fl976 cJsLi^M^ 







Oj-J Ob 4_^&>Lw CJlT US' .ijb ^ Oli 3131*=* tij?-j Oljj^bJji CJlS* 
CJ\S* oJla .j^ j^i objtT Lij^Ji ^ jp- joij jl d~£ 3^1 j^j ylfl cpUj 

j— * OjU__£1 J-_3 jjJaJl 0L j^js3' JA Jjl OlT US' .AjL-5»JJ t^i tAJUj^a t&jU 

Jurassic f)L-i\ j_» - ^ jJt i$Jp or^LuJi <jj ^\ jj*al\j .*or>j^UoJi 

If 

\ (jr, ,jhUg L^ua- jiJLJf - 4sJUJi ci^^ c^Jj* ci! «*r"bj^ **^» jf ParA; 

ft <Jb Oljj_^LaJl olsT jj^ ^Ipf csAJl t ji*b O^jjj Otitic^ 4jjj^?UtjJl 

.JU&tj 



Archaeopteryx gafci ^'l&i j**** JLS^t Ji ^-U^U ij*u o^&Jt ui yuli jji&i jfdj * 
J*^" Oft»" J jjs^ 1 f'^fj jtij ^U*** tf JMj tf I860 fU- till! o^# 4ijJrt Sjl**JU jJtf* j 
ji-^ tj^jjl V^i . JSjJ* C^ j^ djjU cJ\*j i jlfcll j* VOj Ulu-f h±£> L*kp %> *Kj* 

ji_*1 C— < I4 w jji S^Jt t5-^ j^ J^ SjyUaJt CJ»jj-^ljaJl iJb'lP j* j*ap ^ ^'^* li* 

J dLJij b\jfl\ iJLA JLp jLit j* Jjf d& t^UiU ^Uy (lull jl Jl5,# Compsognathus 

Ju ll j, — lap Jiu»( dJ*rj jt j^ ^JUt c^ij«Ji pb*)l j*L IgJ jS^ j\^ ^» OU^I <^^-l 

j, lap u& J>-i tyllaH JU ffrjrJU *Ul^Jl tUjtd . JU-Ji yUt ^ ^Lp ^i«% 0\T Uu tjj-^lyJJ 

Stragalus J-^-lSil ^JbP j^ (^SU i^l3 . jj-^bUj! JU Ji-»l ^JaAj 4-iJl OjJLi 
.^^Al -Otjj-^bOJlj jjJail A3!Ap oy JLP jVOiw*^ Jaji 



^«J» 
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a—LAJi dU? J Robert Bakker jA c>^jj dllc ^JJi dii Lia* uij oiT 

j^jVt Cu^ 03 Ol3jb*it oJUb i)f O^jj Jb ^ Ja£- cABjltll ftfaaJl oJLL <wa*i? 

jiu_?- J c 5Jj^ Tj tijb ^ oti c4*jP OjSj £>f li j& V .*u* OjJL* 165 ytjt li 

c^ 3 (* j' ^V* J^ °^ *^ OIjj^UjOJI CJI& .US Ja*£ 4-fi OLjOj dULA CJlS" 

j— P SOJL. !l 3 j— &)l &\ Ol j1 *1jj - 0Jb-jJ -jjTb O^jjj jikil La j^ 

•^-, » * Sjj-JLJ OUjbdl j^ jiU^» 4*ijf J] jjTb U- .fWdb iife>b* OIjj^UjOJI 
j_ T^Jt jkL* t (Jbl*Al £lj^ itfUdl *ljsrty j£ij ^ Ujli») £>jtfll g^iall 

.(AsUj £^Jl 4^P) &Jl jJLPj c(4j>jj^LjO J^W*J f^ 

tOLjJL-£)t ftfaP Ob li^>- <y 0^-j 4-JjUJt j* 4^.ft« Olji-» d>*itf jjTb ,^£3 
j^ji ^ -j*Ji OliU- S^sioj Aj^Ul 4sPj^b 4a-P tOljj^LUJl ^tiaP CJlT UT 
Jiff 1 C~£>lP 03 cSjfi-^WiaJl j-^Jl OIjj**UjO OO 0^-j UT cijlJl fOjt Oli U^ljjll 
Liy^ 4*sJl |>kJ! ^ji 'b&^J -j^ 1 <>• f^l S^jUJ^ cA?-tjjJl j£*tf jl d^p- I*UT 
3_jI£ Jj *uj JS*t? CJlT jU-l fjjl Oii ^jadll <~>\jj}\ Jb *br jj LJUdJl iSoyfj 

tOij^Jj Ji^Mi Ljiji J^ ^.^a?-IjJi liij^kj j^ jiTi lijj j^ jA>j Ji3 «Juj?( 

5_jlJ| (t Ja^Jl J oU_P^l 0*>L-ST Jl 4 tfJ aflll oUljJ-l i^J Jb jjTb Ja^*i 

. jb- ^ Oli ObljJ- ^jsJI ^ikdJ *3jio jA U Jilkf CJlT 4jjj^?bAJl 

jTufj c^-Ji IftilJ^f clfolla«3 .Oil cjb- ^ Oli CJlT OIjj^?Lj0]I Jl 0j V 

.dUi ^U U^ cJi IgJLs* 

J— A .1^ sTj?- iijlai JLJI •w^S'y Ujlio c&LO^I OUIj^- Oli***» j^b ^ji 

t Jij_j^ ^^JO 4_~^ iiLfejlb ^ jSLiJl i>iT Jj£ ?Jlj^ J53 UJb*ii iUJb 
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.4&>£j ^laP JT ^ S^kj.uH aJLs£ 4JL4P J^T j* 4JLp lsJvS Uj iT^-l 
UtjJai £0 iyjJ-l OUtjJ-1 j* Old <3UJl pbfi 4$UTj J^J-j (***■ j^U JjlS 

lif ^ iJUh Ji UT .dUi C-j1 ii Ifr^,/* .iA^ OL^ dj^boJl CJ\T 
Jl djjJL_» <i— *d I— £ t Jj— 5 *^ l^o JJLfiJl 0L ^u lift .JLfafTt 03 4~ui)tj SjJUall 

JLa3 .Lfcjbw> frljjlj 4jJUjj 4jU£ L^J^St Ujji J 10*- 4#j» CJtf* *b ^ Oljj^U»aJl 

,5jl^- jji obj oljj-pLuJdl CjIS" 
OjUf Uj^p ^j Jj tj^Tb olfU IjoM jfc*UasJt ju Jj: ^ jjioJi J-U^j ^UUU 

4_J*>U*Ii Brontosaurus ^jjj^j^jjJ 1 c^v^^ i^La^la 4pLa^ -^ 

J*-** L-Jlfc tfl970 fU- J .«0PjJ» U^-* » ^l ^j cjo-UJi 



^j^j—^ijUiTj tBrachiosaurus iSJjj^^y. tApatosaurus ^JJJ^J*^ 
\#j> t;» J^ of iu> ii-> Oj-L. 80 jjy ^j uos^ J\jJt\ Jij *!l .Camarasaurus 
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Planets Exist Around Other Stars 

fl995 lJjL^VI 




5^a*jJ* ^Ul q*£ JaUuSV* to* Jbu »iU 
-ju jaj JLw ?UJL?-jJ j£ Ja :iy^Jl ^jb <^ lk-»ty fk*f ^ <^ lilkJ 

3L-J-1 *-3j^t ***tf tf/*-t t-^jS* ^J*J C*«^ ? 5 ^' <-*J^ A* 7 ^ J^t S"^J^* 

.IjAj* SjJu OjSil J U*3ji U^lj^J 4jL^> tf dJUull 

Anaximander jjuu*— S'ui ^>?t (M ^ t ^ 1 uM j-^l-J* <^ J 
^ .Uli Sj&Jb jljW *1j^ 4*£jjjl£h 4-*~&1 JJ jj> )ij^ <u»- jij^j y^jj^r 

JLu dlUlij ^ j*Ji |li* dij^ij f 1942 fip Michel Mayor jj*u J^v Jj 
a-TjS* Jj Antonie Duquennoy iSyyfj* U,^ &ir> £* p&\ .djUfef 4j»j«i 

jP Jj tC-i'lj&l jP d**^ f. jjjU j& .Oj&I J djyw? fL*j4 jP u^tJl uruSCkJ! 
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.hjf h\f> h\3& LlS\ fljjty CJlT tf j*Jl J^ Ubr Ijjup cu^ljS3l ^ iJbr 
.(^ ^ j* jf) jS C^J^I ^il^Jl c^s^Jl 5j5 ^P Af U j,J>dl 4$^ J 4-Ly? 4J\*- 

cOl^u*» jl jj$-*> j* ^ip ^jlyy *j^J' j3j^ j*»^ J^r^ ^ ts*^ c^*^^ Jj^" 

j*iL5j ^j^ r bjjl JUfcUib TtijJl ^» Qji^ 9 f-fr»0"fr J* J) y^l <j£*Jl J-*^* ^ri 

.Jefo j* \Jlju j5 dt£L |t3tdl 4$^ J Oljuiu 

fijiSi jp d^JJ a^»l^- jsTl iojo^- liuk* ij^kj Didier Queloz jjkjS' <lo^ 

.^js^il c-^jSi <jil*Jt ^**Ji 5jS J** Lu*jr* a^j?- J Uy? 
U ^ dLU J jjAJ Ol^iw ^U^u*. SW*P c-i'l jT IJ&t til ^Jri j^ait j& 

Ojjt a 4«i?lia ^U?^ or^^^j tf 1994 flP (Jijjf) <^W t>° b^ 1 cft ^ * '^ 

C P i* 

U ?UjJ Lf^ 3 J ^°^ 4 Wy ^f 142 ^ U^Atlka jjk^J JJi^ J^^ tt*jy (4J^ 

t p 1995 pl-p (jfe) ylsl» OylT J .^ fj* ,> (>>^ jjl# (^^r ijsrj ^ ^ 

0^^—^ij Jb-\jJ\ ^i ^1) Peg-51 51-£j cO^ij ^ ^ jjLjT ^ c^Jj 

.Ujj 4,2 JT lii^-j UUl jsaI jloJ ! jifti oiJ .(j^j^bLj apj^# J 

OL-T j] UJ Ua^t3 US' t*UaJ >jlp ^o jS'UU j^j^Ji tj^? jjL^j jjAa jt&tb 
^L^bl iib- J OlT 51-£J p&l\ Of jf 4t^yblfe *jy iJl^A ji^ Of j-^-iJl tf ^SJ 

314 



ajjIp 4aJUp -t^y-^l S-^J^' J* ^^ £&* g*j* ^^ f <f2005 ft* J^U 
5yuJ oijU » cbsudi ky^i u^ij&i ^^ ^jlk*Ji ^A oijiju Jj*- ^j^j 

oi ft ^U- Ola^ ciLi^Tl <^j^> jjk^J jji^ 4^" <3*L*-j C.mI *LS%Jb u 3 *-)^ 

iJLft UJb- Jj &*^-1 CiliLtsT^I jwJ j) SLsxU OiL*w» jIJLCj ArjuJaj by^ <r^j£* 
!*Ud*jJ b"j# J StJ-l ^ J* ytS u^jT 300000 Jj£u- **~}\b <(JU»^I 



x375 tsy* oj^li Op obLJ-l oJti tf> .0j# ojJL 125 — > Ojfli J &\j£\ do* <Jtfri jO* * 

.frjti -Ijity Jp oL^l *lji)f **j, LTjT 14 10 
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Accelerating Universe 
(•1998 e-sLi£VI 







$<^aa*}t ^ut o*^ ^m^vt ijla juj tut 

Jj\ - ci.T -iTl ^USo^U Oj&t JjUj j^ty J ciSjsj. d~£ jk>U aJI*- J xuJt 

<l* ii c5j^. *»! t^^x* cij c?5 J 4*1* u\S* ur <^M ^1 ^juu oj&i .Oj£)i ary- 

.jijsll (J*>U ^ ^uJl lift sOlajJ jP ijiUrl j** ^uf 
t 4^U ll>j£)I Jl frULJl 14 jlaw ^ M^ J U..^r tj** <Ju*S*Vl lift jl*- 

^1998 fL_* ciUsTih iJLa < <(t JUJi &*» Journal of Science cjL^j .oj^Ji 

^iL-i ^br ^ frUJUJl ^ .^1926 flP ^*U* t>j&» o? JjIa jjjJbi ^AJWfl 

. j4*Jl lg-^ju jP tfci/£ ^^ J 
J S^j— ^-j^ 4_Jk!l 3 JuJl jTuIl j?M cJi* ^ij i.\JSaiA r i>oJl iJU Ub 

.^ ^oi*ii ^a*ii ty-i uy (jjsju 
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jj^-Lj* Jjl — - J*p t f 1986 ffc frUjJJi J Ph.D— \\ S*lf& ^Ip aJ^^ o*> 
tr Jp ij — Up d-*- ijjj&i i*jo*>*^ ^Xr* ^'yj ^J 51 ^J* trW J* 2 **. 

iJLft j* \3j3^j~Jl ^JS" OL liflTwll j-»j ccj^sJt j* ibtf *L*S* «tf la f JJ l3ji^>j*Jld 

.jcdju L*»ljjJ ^-iji LgJlA^r U IJLft .Uytf JijJt ^r^ j^J* t J^' 
^^-Jp c^yuU M? jclju j> ; ? 1997 Jl 1987 ffe j* oi>u* j^ j* J* 

ja c^jlSf* Olj-£*P 4A#y d*£ .l^P **"UJl *jJaJt J^bxJj OJUJl OlytU Id^j-Jl 

. la £ji Idji^j-Jl j^ £gft* ^ IjjifcJ Ol^il 

jP UOju iJbtJ liUl dJLi ^-LdJ f \3 Aild Ja ^JJ <>* ^J^J-** jcdjj 0^-j UJLP 
J _*^l ^Uji^l Uuj ^li US' t (Ul Ojdi CJlT UlT ttiUL JLM CJlT Uif ) j^ 
liJj— *lsj U *£ OlT tij .jbj* Ob-Ujii ?*L* ^ JU*tf IJiS ^j - IdjJ^j^Jl ftj^aJ 

IJLft ibjj .^fr-ty j£ 4JjJ t^yx^j 3*Uryi <LP yUall ^j^aJi 01$ ilJLw ^Jj*m *^J' 
^j — S^£ clsy^^UJ ^» £}tj>*i\ ^Li J^ j* .(^d* ^Pj- iUijU g^jJLJl ^UjW 

.j^jty 0* ****** (^^ ^r" - *^^^" J* Ji^j* 
tJ *f b*Ujii S~*J 0? c^y-5 J^ljJ j& .alLdt j* (wjwali tjJri jji 0^1 Ob* 
{t*u— it 4— Ty- A^ujSJ CJlT *l^3* CJb-Ujil ^ <U*\3 U OL CU-^ 01 jAjt ^ OlTj 

jiUall frj^Jl Oji fljj^j 01 If^j: d^ ^U-J SJjJ 4?t^w9 Oljjtt jiad 01 US' t*UjJb 

jiUfl_d ^WL) Ij±UmJJ \j*fl?JLj IjjtUflT^tJ 01 vk^j Jr^JJ L^* ^^ .\$j*jij~»5\ jP 

iO*J iP^Jtj juJi jp 43jj^a oUU ^ 03 jAjj OlT cf 1998 flp ^j^t tij^t j 
.^j^t jp i*Uw Aiiis f j-h ^j«5 ^^r c-jlT .frU-Ji jjp d^di la lijj^j-Ji ^» 

S — Iau« 0j& Of olytl dJi j^*i» J&P j^» 01 ct«J V^kj jr ^^ j&=ij>» fO>cu»i\ 
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«J ft jf j\ *sPb CJlT jAjj OULj Isx-p ^J* J^Uflj jf j& ^\ 3JL*-j)l 4*^11 

(f2000 f l^p Michael Turner j-JjJ J&> JJ ^ « frbj~Ji jf a^ydt iiik) t» 

oJL^S frj LT Jj^Jl <il \jt-jA d^ j^bt .(^l...ol^l <fj*Jl) ^rj^- «^ ^ 

j^ju Jjifc) J£j*}\ \Xi 4.a,ft.^aj dJbJbr 4-Pb^ jUif JU*s-»b diJij «4-*a*il 45UaJt» 

ST- ^O^ J^J* ^J^ 20 4ai& JbJbr Oj^-J* dUUA j^Lajjla JptA* ^-^ 

3U>* ^yJ f2007 ft* fljUJI f ^jdfc-1 cJadl J W* 

.0j$3l ^*tfj o^Vj Jj^ Ob^ki 
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Human Genome 

(£003 ^Li^VI 



, 




:; .->••■■: - • • •:-•< _ : : : craig venter 



Jjty jJ3» ^jJWi (JusS^u t^^Ji fjJt-t cOUJ^J yijjli s^Ji did ^i 

ia-J**il DNA-Jl jjsw .*L»-ty (,-UJ «2Lu&t ^-Kl^j cjijJUllj <pbM O^aSi J 

LkM VrjJ 4jLT ^il b-bla jciq 5ji-iJ» dLb did jf t*JLA *ij cJLi*Aj J*l&* c£j-^ 

.litJU 3LM ^1 ^IsiU Jj tj^jfj jjksJ 

* (S 

Jj Ijj Jli J3 jLJrl JiJ>\ Sj$£\ 1JU» 019 tdU3 jj» .*AjA-t 3^LiJ\ oJLA O^L* ^^p 
f^Jt-1 iJLa ^ j^*j JLo) .4jyUt h^ai\j i£j~^\ J^r*^ Jj*" ili-"** oliULsS'^ 

Sl&uosyi 1:1* *Lk l-LiS 

dUJL-j lilk» tf 1865 fU- ^tjjJl fjfi> J^» jj*i> c^jUuJl c^aI^Ji cAJ^Tl 
dL-jjT a »~~J\J JlX^\ t ^1953 fUll Jj -»jjl» (iJUi *Jyu ^JUIf J fjbJbr !*i*- 
j-^ljty £— Jr Uol^l DNA— ll AjSi> £jJjit LJjj^ j£^ Oj^klj ^^jtj 
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.5y 20000 ^*j* Mj**j iobt^? 4^jf j~- ^J 5 ^ &r^ ^ <3j*- 

iLJikU Sjl-mLi oitf jii ,i^J J Charles De Lisi ^ ^p jJjUj ^ 
fL_* dLJij C(> Aj2J» ^jl^JUl ^jj-iii 1JL4 s-aJJ vj£M o!*jj*Ji JjL DOE 
jij— S^J NIH a*-*U a^bjJi AhUlf £* aiiali ^-i oA t ^1990 fl* J>4 .(>1987 
^as — *\ .IHGSC <^j-SJt ^jJ^ J~JLJ ^Ull ci^sfti ^i c^ Uu^r 3*1™ 
\ — alP jJi* i-> ^ij ^jj-iii o*)jA (DNA-JU AdLlsTu j^-iJt) Oj~i>ij j~*~r 

4_pjj^ »jj* 100000 J^ ijj& ifs*J\ DNA-Ji Ot dtJL*- *UJU)i o*p? 
\$>;n «■* dLiUs d-*- 4DNA-JJ jr j*jU ^Jj^ 1 (>•-* *^J ^j^yjj* 23 ^ 
iju—w icMas^ 0j-JpIj i«^9 CJlT ,£j\&jir\ ja A^rjijlt JLPljiall jj» {#% 3 Ak-ulj^ 

il£j^» <>—& Jij— pt^ 9 Ol^-jijlt Jb^JLjj j^ju ^J& 4Jbla]t CJlS* t^JaJb 

J— **U IHGSC-Jb tUJUil ^3r «ur js> ftfi .aJUaidi ol^j^jll J^li? j* Jb^j 
j « 3 LUJl «ol^Ufl— 5Jl» d tr Js- iSj&j i£j£*)\ f j^"^ J^ ^^ 5 ^ ^ij5 

IHGSC — li ^l^Jp dj^\j jA . f 1994 ? Ip J^U JjS» ^» »Jla ^i 

J^a-Ji j£jij ^ Adyllj ^j^t ^ h~Ji\ iJU»\ {Jj&i J*lS3» ^>Jrl iaJwto 

$.1 JIp jL^^-1 ,<£j£ M £j — Jrl <s ^ ip J^jJ^ aJjU JJ ^■■y.yi? ^iJj j;^^ 4Ju 

E.coli <(f 1910 fiA iw gl»j* J&Sj 2Uj>d») ^^J» ^^i (>ajj^ IHGSC-Ji 
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ja OLjwJI JL/mC .Akj^Jl 4JajM OlJbJjlj i jjM OjAP ^(AijjAil A»ja1I \tjc£j\) 
,T~* Adj^ .<VT J^ ^ .JijUl d ^* J* cfcsTj'jsJl ^ J3tji jl cjb- i»f ^ 

oi^_*» OjjJ^--» tjiiT frULJi ol (kwaJi JiftUc ^^Jri cJ^) J- Craig Venter 

U JT IjJjJ Of ^^jJU' && {&• J t)>-J»*jJ «$j>-&t $jj*flJt» ^ OjjTji pAj AiJ 

c/>L*_JL*Jl dJUb JU-U 0^^* jf tfj { yJr\ <y> vLis S^ji* i\yA & *J* OjjJLaj 

.tf*-*ll Ifjajtj diyLdl 

oU^£ ^j-JaJl j_^ 4_jU JpUiJfj ^ cJUM .(«^l*ty j* Ji-M j*» **>J 

aJp jJJL U JSO ^LaU <u*<b 2u?b^ aTj-5» J^-*J l^J^"* 4~a^ ^p y~i <Jl£ 
j-^uJ ? ju? t? 1998 flp J -IHGSC— »i ^jfr bJU» J ^>*r J-JLjj <~*V <*• 

f j-~JM J «l& 4JL*L*J aJU^J Akjl^ Sjb^ Olyj^jT JUwuut AsJ 4&J+0SJ j!uJ» 

.IHGSCJU ^jJt JjJfcl JJ o^ ^ ^i tf 2002 J>i ^yLjl 

Jb-jll Jij^ 1 *•** J**-^ t^2003 flP J .j£j* ^j^Pr ^fr C^ U^Jtj^ajlj Jii^IaJt 

i3li Ot S* cUjjj^ -^j-^ f>**-U J*^ 1 J-JL*aU *^ofl? j^Ja? icg^^-Jt d^yj 

.(a^la^ 300 —» aHj JT cuJlsf 500) 5p>k* 4*Jl* 150000 5L~* f jJUl 

«>j* 28000 J] 25000 Oj£k jJLJi oL ija^-j fr ubJi ^ja ot t 5-UdU jdi 
jl-joJi jp cils^ <£jSJ\ ^IjjJi J^JLJi oLj t ([^u c~>>l 100000 ^ ^jjS) 

.Ja53 iU5 itji# (^.^ij t^y-Sl 4-?^* P \yi\ <y 

5jfr— T Li> OljUl J iUl^Il 4**J jp ciJ^J* (»» 0? ^»jll ^j cAjti'ijJl oUUJtj 



321 



^l^U ^UU JJi ^ -Jd£ ^'U ^jUu U J) ^1 £***_* cu^T 



T\ 



(»«L»-JL...t j— %99,9— • OjTjUsi yUl Oi t/jJtJi f jdfc-t Sfrty \A c-**i ^t v^**" 4^ * 

. jftS S^t J SjtfriJl %99,9 s-^ *bj S-s-J' jt^^iSji .^rl J**-^ ^ %0,1 

.^jsll -t^CJUit (lull oblAsit 
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^LJt J2^< uuu** GliLSuSVl 



y— Jj? f • it j— ^ c5-^ ^ ? >^>^ SJtfUll OldU«r*ift c&ri *tyU J^j d~£ 





Ul^utl j\*Lrfl 




atiuJi 


iftiVrcttjUUtt 




1520 


iS^jfe Wjfejijp 


/> ^ o/h 


1609 


^^JUjJ Cji-T 


s-Tij&J LaJ^\ oijUdi 


1610 


jJLJIp t^LJli 


fjUif ^y-t s-^'j^ ^^ 


1672 


^lij^- c^wilS" 


^r^juh jp o*Ji 


1750 


^UjJ tC-jtj 


oij£i 


1750 


f^Jj tjt^j^ 




1916 


JjlT tJUL$Jj3jlfl--> 


*jJi\ yjfelt 


1971 


Ojsr <>j 




1926 


jij^J cJjlA 


JJUaLl Oj&l 


1948 


^jjpr nJj*fc 


J*&1 jWtfl 


1963 


0V cgiJUU 


Jljljfll 


1967 


LfcW-'J* i J-rf 


j^Ull ^sJl 


1967 


UJ^ 1 <<A*** 





323 



1970 


I** < JO) 


loadl d^lil 


1995 


Js^s* <JJ* U 


^y-f ^ Jj^. eJ'lj&l 


1995 


AjJU^ 4 jjLjS' 




1998 


JjLj tjjslja 


gjL-sU Oj£ll 



*U«attl 



1662 


&JJJ 'ck* 


Jjy OjilS 


1774 


<-*ijjT iy^~LJ. 


( j 6 *~Sjty 


1806 


4J* ^- b 


^^buj^i J»Vj* 


1811 


jiXj.f tjjalTjif 


oUijJrl 


1859 


^jiJj^Jy. 


4>jJJt VjJaJl ^iljsll 


1859 


°a>j ^jp-j? 




1880 


igjCS tyA^'li* 


i^jjOJl JjJJH 


1901 


Jte* J *^J U 'tfj/" 


^UA?I i»Ujl 


1907 


f'/jM ^JJ* 1 ^ 


^UA?t iUJU jjjtsJl 


1913 


dLj-Oji iig}j~* 


y'UxJl 



*Lj>uttl 



.f . J 260 


^aJ^jt 


jiUl j o^adl 


1598 


>Ui*S^* 


AkdUlt fU*-ty 0j>\3 


1640 


Lu*J^lij(l t^JUL^rjjjS 


frljil Ja*-> 


1666 


&*A '^Js 5 


fUll. <*»•**•* 
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1687 


J*- 1 ! < J* J* 


aT^i #i y 


1752 


^l^CJ (.jJ&\j* 


frb^t fcu> 


1789 


Jljiarf c4ijljW 


smu Ja*- 


1790 


CJj^Jt ^JJ^J 


3jiy-i A%jt 


1800 


dbjJb^i t J-JijJ* 


frl^J-l C^ JuA^I 


1801 


01a ji tjsjj 


3^>u«£~ii Jji 5*a^i 


1802 


Ojsr cijsJb 


oijJUt 


1820 


jiUb cJUudjjl 


Aa-JpU^j^Jl 


1843 


J*****- <Jj^ 


SyuJl 


1847 


Oj* .JtiJ cjJjfaij* 


aUaJi Jai*- 


1848 


JUf.uJjS* t-jkj* 


A>* y b 


1864 


jjHAyT cJjj^oU 


^Uiuj^l £UA}1 


1895 


(Af^ c j*U»j 


L~Jl Jfc*ty 


1905 


OjJt t jjbJLuT 


aUaJi iblu 


1905 


Ojji t jjlsJtu/t 


>.. ..ill 


1911 


v*La i j-^jt 


Uftdl aJL^jJi 


1913 


iM 'JJ* 


^jilt iuytfi 


1925 


^U tOjj> 


&kj* 


1927 


J>Jft* 't^ U ' 


a^t fju 


1928 


OjJf t<3j*J&** 


*jJaJl AP^*» 


1929 


jju ciiije^ 


SiUdl SMll 
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1932 


j^ftJT tdJLjiLSJ 


JjjJjjJt 


1937 


^XA 4»jlS*ji 


Ajjjll S Afljl 


1939 


jJ t^£>U 


^jjJi jlkiJ*il 


1939 


JJjf t JlA 




1947 


^J*" c Ji^ 


\*py> 4-JJl jjs-jjiljJl 


1948 


ijl^ t JjiLfc 


OUjLdl U4yu 


1951 


jiUb tAiJ 


t£j>di ^ujj*ii 


1951 


<JU-J cjJm-^ 




1962 




iij1j£l1 


1983 




&**£]) SjflJl 


JLLuJI 


v &A3W fUUii 


JaLluSYl 


1770 


g^l^t^ tj^l&l^ 


g>»jy 


1814 


Jjd .^1 cCJj-^ 




1792 


^u.fr.J?' lUjSA 


( cr iWt jut?) 4jyttll 


1837 


t/HijJ t>"»^ 


hjJJr\ jj-^aII 


1920 


(jrJjL» tj^sJj&^L* 




1902 


jiji~? -J! '^jjj <^ 


^jA-l J^AaJi OIaJp 


1911 


^jU tJUj 


£ JUaJl i?jla^ 


1914 


j* l£jtf> 


j*> v* 
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1915 


Atjiil Lj>*j 


t^ia* jm^i 


1935 


jf t (]P LJti 


^IplkJl 


1957 


<jj\* t^r-A 


^*Jl f 13 jUojI 


1960 


*1 'X>J ( 


^yii S^fe* 


JLUlt 


u2uiuStl^UH 




1665 


Ojijj <4)j* 


UtfcM 


1669 


(j^jfe <-f-r M> 


Oljfl^liit 


1680 


ii\i Ofj'\ til^iJ 


^J*^ 


1735 


Jj^" tj-j-J 


uLwi'Jl aUsj 


1779 


^W ' c r'J l f : s* i ! 


^'jJaJi *Li1 


1824 


fUj t JJ^j< 


Oijj-^ljjJl Olj^cs* 


1824 


iijtJ^ tj»ul» 




1856 


j-jjl ijs&-«V 


4~«A^H ^i^iaJ* 


1870 


jljUtJ tOj— w»jJ 


jl^Jl JUpt J 5U-1 


1882 


J«iJlj l*M***li 


t^l f U£t 


1898 


iSj~£Ji Li£~&ji\At\ 


u*JJ^ 


1898 


^^lJjU tdLyjjJ^J 




1933 


jjt^jir 


U*-i v-fy 
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1952 


^U-t lJ~A 


SLJ-i Jj^I 


1976 




OIjj^IjJL]! 4a*J? 


1543 


jAijJjS t^plbjli 


^yUl ff ^Ji 


1858 


h^ 'oo> b 


tf j^l J>JI 


1865 


Jj*tj* cjJLu 


JfljjJl 


1898 


JjlT cLLlj 


UjOijTjalU 


1909 


J*\*j> L&\*JJA 


vijjji oiyyi 


1921 


yJ '4j£ 


1^1 crttfuli 


1921 


dbjiA t jjjU -joJii 




1924 


jjji:ij tOjb 


^yUl jjkJl 


1938 


cj -J! -t/r- cd-jr 1 


dJlS%Jl 


1950 


ijbjb i£jvJ£j> 


SjftLSsLt Ottjjll 


1953 


jj.^mJIjB cdLjT 


DNA 


1953 


^^^ cc)j*JpIj 




1953 


Ojijjj lOfctfjlj* 




1967 


t*J '^j*^ 


Jdfll Jjfcl! 


2003 


. ^jT cjsii 


^jJLJt a a^J^I 


2003 


^y^^T tt)j~Jplj 
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1628 


f^Jj ' J.)** 


1794 


ij'j*! '>sT 


1798 


4^jU 4JU-J1 (jPlsij* 


1801 


c£>P <^b 


1801 


MJj t0^m>.»«tf«ll 


1801 


^>jl/ I gjj 


1897 


JjlT c^UAJUlf 


1902 


fljj '^r*^ 


1902 


CrtJj) t*J jlu* 


1906 


(ibjJbji tj^yb 


1906 


OLsmJj^ tdU&T 


1910 


JjW <e?lji! 


1921 


tiJbjJbji 'j~yb 


1928 


jJLm^H CA-w*Ji 


1934 


£jj*r tj-^ri 


1938 


jiU t^^jT 


1940 


jJjLW cj^ 



jj..,.. ' . y < 

f Jill UjSj 
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^IkJ^-sf^l oUilu J Ijj^l jjJJl ^UUIl ^U"b lO£l 4*jI$ JjjJr* IJLa jx* 



1898 

.f . j 260 
1837 

1811 

1779 

1820 

1960 

1911 

1906 

1910 

1898 

1905 

1905 

1947 

1856 

1976 

1921 
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1902 


oU_y.jjAl 


f^j t^r^^ 


1774 


c#*~£fi\ 


*-^3j^ <t^-*o* 


1859 


ajjJDi SjJjjoli jjSljsll 


°^JJ '^J* 


1913 


c^jtll i»Uj*Si 


J^ <jj* 


1925 


^Jiae> 


^U idjjt 


1824 


O1jj*0LjuU! Oij^c^t^A 


»\Jj iJ6*^ji 


1907 


^pUAV J?UJb gL>y» 


{\Jijj lSjjAj* 


1662 


JiJ* by& 


°^JJ < ck* 


1951 


^jjJi ^Uas^i 


jiU tA^j 


1898 


U-JJ^ 1 


j4J«JjU (dJLjj^-J 


1934 


oUjjl! 


£jj*r t Jxj 


1998 


f jLJlI OjS^I 


JjU tj^j* 


1967 


^Ul ^1 


cr^j^ t Jri 


1898 


bj*Ujf jalil 


JjtT cLLlj 


1934 


ottjjU 


ijljii t f jJU 


1900 


OUj^jjAl 


iS^'j*' 'L^**^* 


1935 


^Iflfcjl 


jJjT t(| pLJU 


1932 


Oj^jJl 


j^vr cdLjitiJ 


1640 


frljil Ja*u£ 


LU**-jl^lAil t A\-T-l"-*L.f S 4J 


1870 


jbJl JUpf J StJ-l 


jJjLiJ cOj— w»jj 


1843 


djjuJl 


^r^s^" tjj* 
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1962 


i5j(j£!i 


c$jj* tcJU-J-fr 


1794 


OtXgODl 


ijtjij t^^-JT 


1924 


^ji^\ jjkJl 


ju^ctj tOjb 


1858 


t^jJ-1 jjkJl 


jJjUj cjijjb 


1802 


oljJJl 


Ojsr iJjsJli 


1806 


<r Jp\ju> ij ^i\ b\Jfi\ 


c*^ 4^li 


1801 


jiUAsJl 


ifjJ i.^U\i 


1940 


fji\ Uj**j 


jJjUJ t jji 


1848 


A>j job 


c)>Jiii^j5 tjl<jJ 


1902 


^jir\ *JW oU,t) 


jiji-J. J! '^jj< <p 


1929 


iiUll 8illl 


JjU ciJljii 


1750 


Olyfcl 


^UjJ tC^tj 


1790 


ijlj^-l 5*-^" 


CJj&l '^JJ**J 


1970 


Wl Sddl 


'ji* « j<jj 


1983 


JijtjaJl jjjjl 


jJj^ .Ujj 


1801 


i*w«iJl Jj» 5«-SiSl 


d\Aji ijij 


1911 


f 0-aJl J?jla^ 


4^jU 4*bj 


1895 


<LuJl*i£ty 


(*^s*M i O kLt iJ 


1963 


jljlj&t 


J^T t^jJUU 


1951 


tfjjdl ^UJJ^t 


JU-J tjjs^» 


1902 


OUjv»jjil 


G***Jjl iAjjli^ 
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1916 


aj~.Si i~M\ 


JjlT tJLLiJjjjliA 


1669 


£>\f&tA\ 


^^J^J CJ^Ut* 


1938 


dJlS%Jl 


4 J! .^r «»t^ 


1913 


yikJi 


difjJbji iijf}j*t 


1801 


0***) fjj*Jj^' 


^ijniij^^ 


1894 


C)\jjAjJ&\ 


*J»J*1 ij^LA-^jtA 


1948 


OUjJUll <J>ij*3 


ijlT tcijili 


1610 


IjUSi <s^\ s-SV dk£ 


jjyit^t* 


1598 


&SuJl fUsrSt OjilS 


jJLJl* i^Ip 


1948 


JU&t jl*inll 


CJJ* '^i* 1 * 


1914 


<*>**! 


J* 'I**-** 


1752 


t\*j4&\ aaJ? 


jy»l?o t^jl^iljj 


1770 


2*^1 jy 


Oi*l*!tu 'cft^'j* 


1953 


DNA 


Ojljjj tct^JijJ 


1928 


jrJL*wJl 


jJLumSJI c^-Uft^tfi 


1882 


U**M f Ufil 


jiJij cfctf»»U 


1939 


^jjjt jika^i 


J^.y! V*js* 


1543 


4^jJtJt ju^tJl 


^UjOJi t^^jii 


2003 


c^jJiJl f >*A-1 


A^jT cji^d 


1672 


^^rfi-Jl jP Jbdl 


yiij^- t/i a *i»l^' 


1609 


^TijSClJ UJtf-t oijiali 


^^jUbjj c^LT 



333 



1938 


Gr«t/ 5 JJ A ) J°i^ 


j*l* 'cr^j 5 * 


1953 


DNA 


^juJiji ciiJLtjS' 


1933 


2J}-\ s-s^V 


jj? t ^ir 


1520 


jTjli ))r ^ , uj&i 


jffijfe <nj>y*jj.£ 


1938 


dJlT'jL-Ji 


^J» lj*t-tf^jf 


1901 


^Ui^l J?LiJl 


J& j ^jU c^jjT 


1995 


iSf-Vfjf-dy s-^j^ 1 


*UJUi t j^UjS* 


1859 


Sjjjjl 4J^4)1 jitjsJ' 


°^JJ ^J*J? 


1789 


5idt Jai?- 


aijlaif tAjjiji^ 


1897 


{Ji\ £\j\ 


JjlT t^jlaAJU^ 


1801 


(*<&) SiV 


A>j»j1jr <£jj 


1680 


Uji=SLJ» 


d)\d l)j»( tiljfiJ 


1938 


J*fi*} 


£*] toUJ 


1735 


uLwiJl >UaJ 


JjlT t jphj-J 


1921 


L^aJi C/ASUl 


Jjjt t Jjj 


1967 


J*l£l! jjkJi 


LftJ t^jPjU 


1864 


^^IUloj^Ji ^UJu^t 


j**+?r cJjj*o U 


1824 


OIjj^UAII Otj^t^U* 


lJjjJL^ tj-y^ 8 


1995 


t^y-t f j£ Jj*- s-^'j^I' 


cM^* tjji^ 


1950 


SjdUslI Otf jjll 


tjljjU ciljsd&i 


1865 


SBIjjJl 


jj*tj& t Jju* 
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1880 


^jjjJl <JjJJr\ 


fj>j&p uJlJJu* 


1909 


sjijjji oiyyi 


^Uj? t(JlPjj^ 


1798 


£JlS%Jl 


LS^OJ ^J^* ^'^s^ 1 tjp\sJjA 


1939 


ij 3 ^\ jlkJ^I 


JJ t •!*** 


1928 


*j*flJl APj*** 


OjJl CL^J^JL^O 


1920 


hJJJr\ jj-^*Jt 


jtfjL* t JuzJ^J'iLfi 


1952 


i\J~\ J^f 


^U~» t ^L* 


1666 


fUSl o*LM 


J*-*! < J 3 ^ 


1687 


ar>i ^iji 


J*"l 'O 3 ^ 


1926 


^JUsli 0j&1 


JiJ^i! 4 J* U 


1628 


4jSJ\ d\jjJi\ jl^r 


fUj * 3> 


1939 


^j^Jl jlfaj^l 


jjjf tOU* 


1927 


1A&1\ \xj> 


jb* <t>j* u 


1792 


(^^fikll jjfa) ii^cJl 


jjH+vpr tt>j*i 


1814 


e«^ jy 


jji .^i tcJj-^ 


1906 


OU.«W..flIl 


dLj^bji <.j£jj* 


1665 


0^1 


djijj tiJjA 


1800 


frlj^H O* 4**ty 


dL ajy 4j-^j>ft 


1750 


Oljifcl 


f^Jj 'J**j>* 


1957 


y*Jl ^13 jtijyl 


^jU> 4(J*-A 


1847 


iJlkJl Jai*- 


<^J* -cr 5 ! ' jslj^A-L* 
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1967 


jajlbp*i\ 


^Jiif t^JsA 


1953 


DNA 


fj^tfr tO^-Jplj 


2003 


t^ysJl fy£-\ 


j^a^- tOj-Jplj 


1921 


*-~a*&\ O^tJl 


*ii*>*» t JJjU-jOJli 


1915 


^jliJl Jt^t 


Jb^lT t^JLi 


1971 


Aj--Vl cJiJt 


tiyr ijkj 


1937 


SjjiJl 5j5J( 


^*La t^jlTji 
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VUttl u»ju>YI *3 (*Sj j»att 



I Jilt 3 u\S Sjj L J Lij&j *aU U4* VSUicTl 


vjyuj^li 4*jlS Jj*U-1 IJLft jcau 


4 J ft j* jift jf 


if 

\J^\j jail .L*itjjdl j UbjJ*A\ 




2LU1J 


I Afiuttt (tlUtt 


JaLiSSVl 


.f.J387 


^^Jlfcjk^j? 


^ b U*>^ 


1609 


j*»JlAji tj-^ 


Sj&Aa* jS> j ijtf CwJ OljU^Jl 


aaJLs^ oIjm 


tA-Jji cjJj—J tj-JLJ^ 


j,jjaJl 3wmW 


1688 


Jo. 


OljUlI J^tiutf^t AJbli 


1738 


iM* 


JJLJt gid Ja*^ 


1758 


JU 


L^jtdjJ j& £j\j\Ju> w^«dl 


1796 


u"*tf 


^^uuill f ikJl J-*f 


1798 


(J tjJiilS' 


jbj^ibf 


1818 


^bijli 


CrfjttJl aJj~o 


1823 


s^/j« 


\iiiji t^U<?Si oU-wfli 


1831 


t^btjli 


^^JpUlt dJ~l 


1853 


J=I>g-a L-* 


^p^jUi j^p 


1859 


OjatujlS" 


jlp jp 5jLp j«^sJ» 


1940 J 860 


(&V) jlj» t (fy) JJ 


^>^p 


1863 


y^iw 


&\j£l\ 


1869 


OLA 


J\jU\ 


1883 


!*-J 


OjldLl *UaSl 
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1890 


t* 


bj^Jl (%IP 


1906 


j>*JJ 


Jfij^i i>r ^\j^\ J5J-1 ouTu* 


1906 


&J\ 


(/-^3l £*dl 


1911 


tr*** 


^j&l £UA}1 


1924 


>J« 


£UJllJ ^\rf&» iak*il 


1925 


jiUd 


(*>L->jjJl) ikJlll ^ UjuS^ 


1926 


Jjw 


frt&U^I f*U> 


1926 


^ 


^jjjjj 


1932 


^~j\pr 


Aiji^lj oUr^» £***? *-^j£' 


1934 


jlj* J 4>£ 


^Lk^l ^UA>» J*LSJl 


1935 


JlJUT 


^Jj^JJ^ 


1936 


iJUji 


ULJl jJUp 


1950 


y-j 


^UA?1 £*Jl 


1957/1954 


jAji- j j^yz 


^ 


cj^flji ^iji 


JuJjA\ 


4~>jSl 5^ 5jl^ ^Utojl 


1967 


#*>> 


?-Lw£u*»1 Jjl 


1973 


S^JtfjU 


i)jJU 3,5 Uy.P) JjJ f Uif jttT 


1974 


dj~»Jyr JJUj^ 


OjJU 3,2 Uj*p i*^-) «^jl» 


1977 


^U 


J^ 3*Wad1 j* j*J\ JUpf St?- 


1979 


Jo"J f 


u- ^dj^) Oljj^bJJl jiPijil 


1982 


^r J J 51 * 


HIV ^l ^rjJl o-j^J* 


2002 


C-JJ^i J&> 


Oii^ 7-6 Ubj^P) ^tj3 i**J£ 
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(j Li. t-flj^i j^Vl :<-aJb '^4^1 ^b^b JtjjJl jjjIj 4- :JjVl *>>Jl i^Li^ - 

• c^j^-T j IjJ :<-o_JLj *4j-^ <— »Ll£^ 4- 3clj^ t<jl£ U L <jl£ - 

♦ J_i£. Lq-uiJ jjj la . -i : <*>->i 
*5jjIa-ui>U (jjU-- M p-' u 4-LISLI1 5_^jHI *5-JjLJI 5 Sjl^ti 3in<i *(^LtJI 4- li'j^ _ 

*(^jj£. (jr^ JUjoo 4jJJ (-JaLtblj 4ju^Ij i(Q->L>. 4_>J}L_u :4_^>-jj it-iL i^j O" 1 -*' 

^J^ J j|^ . j.t :2L^^j h^jS^Llm oJjLo *4_uL!u]I ILjj^LIj^M 4- 4^4>^l J-jLiJl - 
i (S i ' " -L?^ Lj L^. f *cj Ijj^ jua ijjia-tjf Jjj l*3 b_i J3j j lj L j-c. Li 4- <■ Lo>" i 4- <"'"'<* I J&-& - 

.jjlul ^jjh rtjint^iacj i^^j^ _ <^£ *(Ferhenga Ronakjj^i^^iiii - 

.jjj-*>. .iljT ♦ j i L>oj^Jl 4j^£L11 2iii]| Jjj>- 4j>^ ^j-^J ^i5J *lt^ o^ **^ ~~ 
• tjLlj jLI : jlj£.J * l^JLt>.l JmiLmIj 4_pojbJI l^jj ■> m ( i2b^j£UI <jLL Sj_t*l - 

i4jjLc_tji II f^^jjua iJlj j I j VI a Ll 4- lO *"' *~ J ^ "b^J ^U'V^J-" 1' ^ ^J-^** ~~ 

* U>^ (_p L * ^ : <-ojJ Lj 
.(jJjayQj>J! a-uil^Jl JU£. . j t t_jjjj*ILll 4jajlj (jrJjJtJl (^Jn)U L_)liaiJl CjLfcljol — 
.(JJj^l^^JI x^uljjl JU£. * ^ t4l<if *— iVLfca (4jLJ| iAjLtiiJ ' * *j$ * ^ i JLlaJI l-jLL^ — 
:4_-4^jj t-Sjl—^J 4_SLil :<_aJLj t 4_uU!uJI ^JjJlJI '4r^ ^J^mTIj cjLw^L-^yi xjjLj - 

,1517-1381 .(SL^^w^JI 5^^rK>JI SLl^^) 5^ol!Ltl ^Lj^^ai aj^^J! Jio ^ ^L^JI jMj- 

. f^LutA I Jjua^ . ^ : <-ojJ Lj 

,1963 cLL^i 8 - 1958 j>^ 14 ,2LIiljdl 2u^L^JI cil J> Ulir4_2Lu i l J j ^Ij^lJI - 
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< r 1 960-1 876 1 £p 4_^>l ^yi ^jpi oj 4 7^> > w .^:tt JU* u. - 

* J^SJI ^LtjVl (j^o 4g.j.«JteX> :2La^wp iAjjh ni\\ oljVTcU i<j-u 4SLu J$j±u* t^^iAaJl jlieaJI — 

.^I^JI ^UJ 4jj jlul ^ 1851 - 1 784 2LuLLJI SjLyi ^b - 

. r 1 958-1 921 i JAX\ a^l J>U. j 1^*11 2_ SuiLyi *l j^% jjjSJI - 

jl^£. 4- 4-jhLwaII 4_a^L>JI (j--« <jln_^.jjj£ *L*i^ ciud^a ti-ijUlfcJ! SJjjJIj -aj>SJi - 

.tijlj^l^j a*«.j*1909- 1876 ^fiJI jlu^JI jL^uIUIn.H 
i4j^M uyi SjLb stU (j;j SLnJl *l LjJI 4- d Ji J J <3b *^ ^r ^j^- 3 — ^' - 

j-jj-*Jl „t jf j JJ,' '^ ^ -V j^ 7-^Ljua jt mi 4- 4_j-u1j J ttlu JU>JI i^j t mi Tl (^aJjl 4_la1j J — 

i^Umi tl (3b *^ 4 j-^jj^ **— ^b-*-^ 4- * — "»b"* ***— iP' t-^b-^j ^ «j^ U^J 1 — * ~~ 

(4 jjMojJIj 4 JJ>iilj J waUJI j- «CL>JLi 4- °^ "b J *^- a ^ "•?' ^^ ^' ~ 

.(j;jj-*j>JI ^^bil ju£. . -i i^^alll ^iSij |*^l^J( jl^T4- ~ 

<u iiU^fl jLu :t— ojjlj iQ^L>Jl ub^? 11 ^ 'tSb^' U^^-^J^J ^i^H — 
.(^yjuDl^jJl JU-ftrw , J :dt t^j"^*- « ^ £- > <1 "> 4 i4jlijjLLajj 4"rt<til^ 4- OLuib J (4^>>^l)1 aI^, — 
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^UuV -UU^l ".lal — CV1 jx $ci\h\ iVrtVi i^lj^ (iJ 

\*t i rfULi ^j^" ■ (*jmJ* wJlisLilSi .4bj«jLAjj tjLuJVl j^l^il 
il^j (*JUJI a^b ^jUl OLfcL^aVl jju>3 443I.I oLsLliISVij 
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